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INTERIM MEASURES WORK PLAN ADDENDUM
EAST HELENA FACILITY

1.0 INTRODUCTION

In 1997, EPA initiated a transfer of responsibility for on-going remedial activities at the
Asarco East Helena Facility from its CERCLA program to a corrective action program
under the Resource Conservation and Recovery Act (RCRA). A Consent Decree
effective May 5, 1998 between EPA and Asarco (U.S. District Court, 1998) initiated the

corrective action process in accordance with the RCRA program.

The inifial requirement of the RCRA program was to prepare a Current Conditions/
Release Assessment (CC/RA) report, which was completed by Asarco in September 1998
and approved by EPA in February 1999. The CC/RA summarized historical
environmental studies and provided an evaluation of current conditions. Based on a
review of the CC/RA, EPA determined interim measures were required for the
groundwater, the acid plant, and the Lower Lake sediments and other stockpiled soils
(USEPA 1999). In response, Asarco completed an Interim Measures (IM) Work Plan,
which was approved by EPA on August 26, 1999. With the exception of continuing
groundwater investigations, including the ongoing testing of the air sparging system, the

tasks specified in the Interim Measures Work Plan have been completed.

Concurrent with the Interim Measures work, Asarco initiated a RCRA Facility
Investigation (RFI) to further characterize the nature and extent of historical releases and
provide a basis for assessing corrective measures. The RFI work plan was approved by
EPA on January 30, 2001 and the RFI field investigation was implemented during the
summer and fall of 2001. As part of the RFI field investigation, Asarco installed a
groundwater monitoring well in the intermediate aquifer (DH-64) at the northern

boundary of the plant site and sampled all existing monitoring wells and known
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residential wells within the City of East Helena. The December 2001 sampling revealed
elevated arsenic concentrations in the intermediate aquifer on the northwestern edge of
the plant site and in an adjacent :monitoring well (EH-100) northwest of the site. Based

on data collected in 1987 and 1988, the CERCLA RI concluded that arsenic

concentrations were not elevated in the intermediate aquifer. Only one sample in seven

collected during that period had a concentration of 51 ug/l, which was just above the

existing arsenic standard of 50 mg/l. Although more recent presentation of the data in the

CC/RA suggests an upward trend represented by the last two samples collected during the

1987-1988 period, the trend is not conclusive. As a result, prior to December 2001,

elevated arsenic concentrations had not previously been identified in the intermediate

aquifer.

Since there are residential wells completed within the intermediate aquifer in the City of
East Helena, the RFI results raised concerns about the potential for impacts to domestic
wells. While all samples collected as part of the RFI from residential drinking water
wells located down gradient of the plant (including the samples collected in December
2001), showed metal and arsenic concentrations to be below the state and federal drinking
water standards, the long-term susceptibility of these wells. to contamination could not be
established. To address this concern, EPA directed Asarco to develop a work plan that
provides for 1) additional hydrological characterization of the intermediate aquifer, 2) a
regular, frequent sampling program for all potentially affected active private wells, 3) a
plan for offering to connect those presently using private wells for consumption and
irrigation to the East Helena water distribution system, and 4) alternatives for additional
action if contamination reaches these wells. This Interim Measures Work Plan

Addendum is intended to provide a procedure to achieve these objectives.

1.1 EXISTING CONDITIONS
Asarco’s 2001 RFI field investigation provided updated information on water quality

trends and additional information on the aquifer stratigraphy, groundwater flow directions
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and status of residential wells within the area down gradient of the Asarco East Helena

Site. A summary of RFI results is provided below as background to this Work Plan.

1.1.1 Hydrostratigraphy

Plant site stratigraphic relationships were previously described and illustrated on cross-

sections in the RI/FS (Hydrometrics 1990), CC/RA (Hydrometrics 19?9a), and the IM

Supplemental Groundwater report (Hydrometrics 2000a). Updated cross sections are

shown in Exhibit 1. Hydrostratigraphic units defined for the plant site and surrounding

East Helena area include:

Upper Alluvial Aquifer: The Upper Alluvial Aquifer is the first continuous zone

of saturated unconsolidated sediments and typically consists of the upper 8 to 15

feet of saturated alluvium.

Intermediate Alluvial Aquifer: The Intermediate Alluvial Aquifer is the next

water producing zone (typically sand and gravel alluvium) below the Upper
Alluvial Aquifer. The Intermediate Alluvial Aquifer is usually (but not
consistently) separated from the Upper Alluvial Aquifer by a thin (1 to 3 feet)
tine-grained clay or silt layer, and is typically more than 10-15 feet below the
shallow aquifer water table. An underlying Ash/Clay Unit dips to the north and
east resulting in a thicker sequence of intermediate alluvial aquifer material north
of the plant site. Monitoring wells DH-64 and EH-100 (Exhibit 1) fully penetrate
the intermediate aquifer.

Tertiary Ash/Clay Unit: The Upper Alluvial Aquifer and the Intermediate
Alluvial Aquifer are underlain by an Ash/Clay Unit. The Ash/Clay Unit is

typically 20 feet or more in thickness under the plant site. With the exception of a
few locations, the depth and thickness of the ash unit have not been well
established in the East Helena area north of the plant site.

Deep Aquifer: The Deep Aquifer includes the water bearing zones in deeper
horizons of the Ash/Clay Unit, sand or gravel materials below the fine-grained

Ash/Clay Unit, or bedrock aquifers beneath the Ash/Clay Unit.
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1.1.2 Groundwater Quality

Groundwater quality in the plant site area is variable and reflects impacts from previously
identified source areas. Historically, groundwater on the west half of the plant site has
been strongly influenced by the former acid plant water treatment facility and sediment
drying area, and the former speiss pond and pit. Water on the east side of the plant has

been affected by Lower Lake.

Arsenic is the only constituent that is detected in off-site shallow monitoring wells at
concentrations in excess of federal and state drinking water standards. The current
distribution of arsenic in shallow groundwater is depicted in Figure 1-1. Arsenic
concentrations in the intermediate aquifer are shown in Figure 1-2. There are presently
insufficient data to define arsenic plume contours in the intermediate system. Arsenic is

not elevated in the deep aquifer.

1.1.3 Residential Well Water Quality

The City of East Helena has implemented a well ban in the area serviced by the municipal
water supply that prohibits the installation of additional private wells. Most homes in the
City are connected to the municipal water supply. However, there are still a number of
residential wells currently in use within the City limits. Asarco inventoried and sampled
these wells as part of the 2001 RFI investigation. The locations of existing residential
wells and the status of their use are shown in Figure 1-3. Although the majority of the
residential wells are not in use or are used exclusively for irrigation purposes, there are
several wells used as the residential water supply. Residential wells are primarily

completed in the intermediate and deep aquifers.

Asarco has been monitoring water quality semi-annually in representative private wells
since 1989. In addition, all accessible residential wells (regardless of operating status)
were sampled in 2001 as part of the RFI. The water quality results show that all of these

wells meet water quality standards (including the recently lowered arsenic standard of
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0.010 mg/L), with the exception of one shallow hand-dug well within the City limits and
one well to the west of the plant site. Arsenic concentrations in the shallow, hand-dug
well within City limits have been consistently elevated since monitoring began in the late
1980s, but there has been no indication of an increasing trend. The well to the west of the
plant site is lateral to the impacted groundwater flowpath from the facility, and although
the arsenic concentrations observed in this well are slightly above the new standard for

arsenic, the concentrations are typical of background concentrations in local groundwater.
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2.0 WORK PLAN OBJECTIVES AND SCOPE

2.1 OBJECTIVES

The overall objectives of this Work Plan are to 1) determine the extent of elevated arsenic
concentrations in the intermediate groundwater system, 2) provide expanded monitoring
of active residential wells within the City of East Helena, 3) describe the plan for offering
to connect those presently using private wells for consumption and irrigation to the East
Helena water supply, and 4) consider alternatives for additional action if contamination

reaches these wells.

Objective 1 includes:

s Collection of data to define the boundary of the arsenic plume in the intermediate
aquifer;

o Installation and sampling of intermediate monitoring points between the arsenic
plume and any existing residential wells; and

e Evaluation of the vertical distribution of arsenic concentrations in intermediate
aquifer groundwater, to establish whether it is uniformly distributed or localized

within discrete higher permeability zones.

Objective 2 includes:

e Collection and analysis of groundwater from residential wells that are used for

drinking water and irrigation water supplies; and

e Communication of the well sampling program results to the residents.

Objective 3 includes:
e Meet with community to discuss alternatives to the use of groundwater wells for

drinking and irrigation water supplies;

K:\Tac-Sec\FILES\CO\ 105\ Imwp\R02rcra IM WORKPLAN-FINAL.DOC\HLN\5/30/02\065
2-1 5/30/02 1:04 PM



file://K:/Tac-Sect/FILES/007/1054/Imwp/R02rcra

G A GHNND TR S R G A G S S I GRS R G N GRS S GRS R U T GRS B GRS I RN N GURND B GSD D GRS S GHUND R GRS

o Provide notification to affected residential well owners offering to connect homes

to the City of East Helena municipal water supply; and

s Abandonment of replaced water supply wells.

Objective 4 includes:

¢ Evaluation of alternative water supply sources; and

e Verification sampling for results that indicate contamination may have reached

residential wells.

2.2 SCOPE OF WORK
This Work Plan provides the methodology and procedures for each task discussed in the
referenced Work Plan section. The follow tasks will be conducted to meet the work plan

objectives:

Task 1.  Characterization of intermediate alluvial aquifer groundwater, including:

= Installation, development and sampling of seven additional
monitoring wells in the north plant site and East Helena area ( Section
3.1). )

=  Agquifer testing of selected monitoring wells (Section 3.1.6).

Task 2.  Bi-monthly monitoring of East Helena residential water supply wells that
remain in use (Section 3.2) and communication of results of the sampling
program with the residents.

Task 3. Communication and provision of alternative water supply sources (Section
3.3) including:
= Community meetings to discuss water use alternatives;

» Written notification of residences offering replacement of existing
groundwater well supplies with City of East Helena municipal supply;

and
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* Connection of residential well users to the City of East Helena
municipal water supply and abandonment of existing water supply
wells (Section 3.3).
Task 4. Evaluation and action alternatives if contamination reaches residential
water supplies (Section 3.4) including:
* Supplemental verification monitoring; and

* Providing bottled water.

A summary report presenting findings of the intermediate alluvial groundwater

investigation will be prepared as described in Section 5.0.
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3.0 FIELD INVESTIGATION METHODOLOGY

3.1 GROUNDWATER CHARACTERIZATION
The intermediate alluvial aquifer groundwater investigation will consist of monitoring
well installation, surveying, development, and sampling. Procedures for each of these

activities are presented in Sections 3.1.1 through 3.1.6.

3.1.1 Well Installation

Seven groundwater monitoring wells will be installed in the intermediate alluvial aquifer.

.Preliminary monitoring well locations are shown in Figure 1-2 and anticipated

construction details for the wells are summarized in Table 3-1.

Some of the proposed intermediate monitoring wells are co-located with existing
intermediate aquifer wells (EH-103 and EH-105 for example). The proposed wells will
be completed at the base of the intermediate aquifer with the bottom of the well at the
intermediate aquifer/ash unit contact. Groundwater sample data from the proposed
intermediate wells will augment data collected from the existing intermediate aquifer
monitoring wells (EH-61 and EH-102) completed in the upper portion of the intermediate

aquifer.

Water samples will be collected at the time of drilling and submitted for rapid-turnaround
screening analysis of dissolved arsenic. Based on arsenic results, subsequent well

locations may be adjusted to better document the plume extent. After completion, a more

complete groundwater sampling program will be conducted (see Section 3-1-3).

In general, installation of the proposed monitoring wells will be conducted in a phased

approach. The option to adjust locations of monitoring wells installed later in the

program (based on results from wells installed earlier in the program) is available. A

potentiometric map (Figure 3-1) shows general groundwater flow directions and provides

rationale for the proposed locations. The purpose, rationale and decision processes for the

proposed program is summarized as follows:
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Program
Phase

Proposed
Well Type

Well
Number

Purpose and
Rationale

Early
Phase |

Primary
Intermediate

EH-103

Determine if groundwater in the base of alluvial package near
existing well EH-60 has elevated arsenic concentrations. This well
is located at the known down-gradient extent of the upper aquifer
plume associated with elevated arsenic at EH-60. However, EH-61,
which is completed in what is considered the upper portion of the
intermediate . alluvial aquifer has arsenic concentrations below
detectable limits. However, EH-61 does not fully penetrate the
intermediate aquifer to the top of the ash/clay unit. The installation
of EH-103 to the base of the aquifer could establish the eastern limit
of an intermediate aquifer plume.

EH-104

Determine if groundwater in the base of the alluvial package west of
EH-100 has elevated arsenic concentrations. Groundwater flow is
generally to the northwest and this well could help establish a
western limit for elevated arsenic concentration in the alluvial
aquifer.

EH-106

Based on groundwater flow directions, this well is located
downgradient of EH-100 and is the midpoint area between known
elevated arsenic concentrations in EH-100 and residential wells
located on Gail Street. This well will either establish the
downgradient boundary of the plume or establish that the plume has
advanced closer to residential wells on Gail Street.

EH-107

Based on groundwater flow directions, this well is located
downgradient of EH-100 and is the midpoint area between known
elevated arsenic concentrations in EH-100 and residential wells
located on Gail Street. This well will either establish the
downgradient boundary of the plume or establish that the plume has
advanced closer to residential wells on Gail Street

Late
Phase |

EH-108

The preliminary location of this well is downgradient of EH-103 and
is the midpoint area between known elevated arsenic concentrations
in Upper aquifer well EH60 and residential wells located on Gail
Street. The location of this well may be adjusted pending water
quality results at EH-103 and EH-107. If EH-103 and/or EH-107
show no evidence of elevated concentrations, the location may be
moved in closer to EH-100.

EH-105

The preliminary location of this well is adjacent to EH-101. This
well is located adjacent to upper aquifer well EH-51 which shows
mildly elevated arsenic concentrations, however, EH-101 which is
completed in a zone that is considered the upper portion of the
intermediate aquifer shows no elevated concentrations. This well
would show if the base of the intermediate aquifer has elevated
arsenic concentrations. The location of this well may be adjusted
pending water quality results of EH-103. If EH-103 shows no
evidence of elevated concentrations, the location may be moved in
closer to EH-100 to help define the extent of the plume.

DH-66

This well is located down gradient of a location where speiss had
been stored in 1999-2000 and upgradient of well pair EH-50/EH-100
The timing of the storage of speiss is coincident with a low but
increasing arsenic concentration trend in shallow aquifer well EH-50
and is a suspected source of elevated concentrations observed in
intermediate well EH-100. The well may help determine if speiss
stored upgradient of this well’s location was a source of groundwater
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concentrations observed at EH-100, or if the elevated concentrations
are instead associated with groundwater flow between the arsenic
plume in the upper aquifer and the lower intermediate aquifer.

Phase 11 Secondary
Intermediate

EH-109

The location and completion of this well are contingent on water
quality results obtained from wells completed during Phase 1. The
preliminary location shown on Figure 1-2 of the Work Plan may be
moved closer or further from EH-100 pending water quality results
of Phase I water quality. If Phase I monitoring wells EH-105 or EH-
108 have been moved closer to EH-100 because of early water
quality results, this well would not be constructed.

EH-110

The location and completion of this well are contingent on water
quality results obtained from wells completed during Phase 1. The
preliminary location shown on Figure 1-2 of the Work Plan may be
moved closer or further from EH-100 pending water quality results
of Phase [ water quality. If Phase I monitoring wells EH-105 or EH-
108 have been moved closer to EH-100 because of early water
quality results, this well would not be constructed.

EH-111

The location and completion of this well are contingent on water
quality results obtained from wells completed during Phase I. The
preliminary location shown on Figure 1-2 of the Work Plan may be
moved closer or further from EH-100 pending water quality results
of Phase I water quality. This well may not be constructed pending
results of water quality from primary wells.

EH-112

The location and completion of this well are contingent on water
quality results obtained from wells completed during Phase I. The
preliminary location shown on Figure 1-2 of the Work Plan may be
moved closer or further from EH-100 pending water quality results
of Phase [ water quality. This well may not be constructed pending
results of water quality from primary wells.

Monitoring wells will be drilled using an ODEX or air rotary drilling system. Soil

samples will be collected at 5-foot intervals using a 3-inch diameter split spoon sampler.

Soil samples collected during drilling will be analyzed for total arsenic and metals using

XRF techniques to help identify distribution of contaminates in the aquifer. The soil

sample and analytical matrix is in Table 3-2. Lithology will be logged in the field during

drilling by an experienced hydrogeologist. Well logs will be compiled documenting

geology and well construction details for each well. Drilling typically generates small

quantities of soils. Excess drill cuttings and soils will be collected and placed on the

Asarco-owned east fields where residential soils are managed as part of the CERCLA

Administrative Order on Consent.
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TABLE 3-1. ANTICIPATED CONSTRUCTION FOR INTERMEDIATE GROUNDWATER MONITORING WELLS

Location Well | Casing Evaluation Area Approximate | Approximate | Approximate | Anticipated | Anticipated
Name | Size Ground Average Ash Total Screen
(inches) Surface Water Surface Depth Interval
Elevation Elevation Elevation (feet) (ft bgs)
(feet) (feet) (feet)
North Plant Site DH-66 2 Downgradient of Lower Ore Storage Area 3900 3867 3853 47 32 -47
City of East Helena EH-103 2 Immediately north of Highway 12 3886 3865 3828 58 43 - 58
EH-104 2 Immediately north of Highway 12 3883 3855 3828 55 40 - 55
EH-105 2 Immediately north of Highway 12 3874 3862 3827 47 32 -47
EH-106 2 Midpoint between Highway 12 and Gail Street 3880 3841 3810 70 55 -170
EH-107 2 Midpoint between Highway 12 and Gail Street 3881 3845 3810 71 56 - 71
EH-108 2 Midpoint between Highway 12 and Gail Street 3878 3847 3810 68 53 - 68
EH-109* 2 Potentially located between EH-100 and EH-107 3885
EH-110* 2 Potentially located between EH-103 and EH-108 3884
EH-11(* 2 Potentially located between EH-106 and Gail Street 3875
EH-112% 2 Potentially located between EH-107 and Gail Street 3875

Note: Listed casing size is inside diameter. All borings to be completed as monitoring wells
Monitoring wells will be constructed so that the screen length is equal to 15 feet.
ft bgs = feet below ground surface
Elevations in feet above mean sea level

*  Secondary Intermediate Interval Monitoring Well. 2 to 4 of these wells may be constructed pending water quality results from
Primary Intermediate Wells 103 through 109 or may not be completed. ;
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TABLE 3-2. SUBSURFACE SOIL SAMPLE COLLECTION AND ANALYSIS MATRIX FOR INTERMEDIATE MONITORING WELLS

Sample ' Project Field QC
Types and Number of Total Detection
Sample Depth Sampling Non-QC Analytical Laboratory Limit Field Total
Location Purpose Intervals'” Events Samples- Par S Method Goal Duplicates™ Samples
(1) Define .lhe c'xu:nl of elevated arsenic ) . As XRF 10 ppm
concentrations in groundwater from the Continuous 2’ split spoons to 12',
intermediate aquifer. S' intervals from 15° 1o total depth . Cd XRF 10 ppm
1 93 Cu XRF 10 ppm S 98
(2) Evaluate potential sources and the risk of Fe XRF 20 ppm
impacts to residential wells in the City of East Mn XRF 30 ppm
Helena. Pb XRF 10 ppm
Zn XRF 10 ppm
TOTAL XRF SAMPLES 166

(1) Sample depths are approximate; actual depths will based on field conditions. Number of sampl Iculated i itor well borehole depths are as listed in Table 3-1 of the IM Work Plan Supplement.

(2) Duplicates will be collected at a minimum frequency of 1 per 20 ficld samples.

*  Secondary Intermediate Interval Monitoring Well. 2 to 4 of these wells may be located and constructed pending water quality results from Primary Intermediate Wells 103 through 109.
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All wells will be completed with 2-inch, schedule 40, polyvinyl chloride (PVC) casing
with flush threaded joints. The wells will be completed to the top of the previously
described Ash/Clay Unit, and screened using 15 feet of 0.010-inch factory slotted well
screen. The screened interval will be sand packed and grouted to meet Montana
monitoring well standards as defined in ARM 36.21. Surface completions will consist
either of flush-mounted or stickup-type steel protective casings, depending on the

location of individual wells. A typical well completion diagram is shown in Figure 3-2.

3.1.2 Well Surveying and Water Level Measurement

Following drilling and development, all IM monitoring wells will be surveyed vertically
and horizontally. An elevation in feet above mean sea level (MSL) for the top of the
casing (TOC) measuring point (MP) will be determined for each well so that the
monitoring well network is referenced to a common datum. Depths to groundwater will
be measured from the TOC measuring point, and static groundwater levels will be

converted to elevations in feet above mean sea level.

3.1.3 Well Development and Sampling

Following completion, monitoring wells will be developed using a submersible pump or
a bailer to reduce turbidity, and to ensure good hydraulic continuity with the aquifer.
Well development procedures (e.g., equipment, pumping/bailing rates, appearance of
groundwater, etc.) will be recorded on a standard form. Turbidity will also be measured
and recorded at regular intervals during well -development to demonstrate turbidity
reduction over time. Other groundwater quality parameters such as pH, specific
conductance, and temperature may also be monitored to evaluate changes in water quality
during development. In general, representative groundwater samples should have a
turbidity of less than 5.0 NTU. Therefore, the goal of well development will be to reduce
turbidity below the 5.0 NTU level. Purge water obtained from monitoring wells during
development will be containerized and discharged to the Asarco East Helena plant water

treatment system.
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Groundwater sampling will be conducted at all of the intermediate alluvial aquifer
monitoring wells in the north plant site and East He_lena area, including DH-15, DH-64,
DH-66, and EH-100 thirough EH-108. A groundwater sampling and analytical matrix for
the IM intermediate groundwater characterization is shown in Table 3-3, including the
number of samples to be collected, sample locations, analytical parameters and methods,
required detection limits, and field quality control sampling requirements. Two rounds of
well sampling using traditional methods (in addition to the DMLS and low-flow sampling
events described below) are planned for the suite of intermediate wells. In addition to
this sampling program, the new intermediate monitoring wells may be integrated into the

on-going semi-annual post-RI monitoring.

Sampling of monitoring wells will be conducted in accordance with applicable standard
operating procedures (SOPs) previously approved for use on site investigations at the
East Helena Facility, including implementation of the Interim Measures Work Plan
(Hydrometrics, 1999b) and the RFI Work Plan (Hydrometrics, 2000a). In addition, SOPs
are provided for a number of procedures that will be used during implementation of the
IM Work Plan Addendum, but have not been presented in previous work plans,
specifically, low-flow sampling, discrete multi-layer sampling, and pneumatic slug
testing. Relevant SOPs for groundwater quality sampling and investigation are listed in
Table 3-4, and copies of SOPs are included in Appendix A. In general, sampling of

monitoring wells will involve the following steps:

1.  Measurement of static water level using a water level probe;
2. Calculation of the volume of water present in the well bore;

3. For traditional sampling techniques, bulk purging the well until well purge |

criteria are met (criteria typically include removal of a minimum of three well
bore volumes and/or stabilization of field parameters measured during

purging); This applies only to traditional sampling efforts; bulk purging is not

conducted during descrete interval low flow sampling or for DMLS.

4.  Collection of water quality samples (using traditional, DMLS, or discrete
interval low flow sampling techniques); and
5.  Decontamination of sampling equipment as necessary.
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TABLE 3-3. INTERIM MEASURES INTERMEDIATE AQUIFER GROUNDWATER CHARACTERIZATION SAMPLE COLLECTION AND ANALYSIS MATRIX

Project Fleld QC Samples™
Number of Total Detection Field
Sample Sampling Non-QC Analytical Laboratory Limit Field Fleld Fleld Fleld D.I. Rinsate Total
Location” Purpose Events™ Samples Parumeters Methods®’ Goal (mg/L) Duplicates | Standards Splits Blanks Blanks Sampl
Plani Site
DH-64 (E) 2 (Routine) 56 Field Pargmeters o 3 2 0 3 3 67
DH-66 pH
(1) Define the extent of sPec“.-lc conductance (SC)
elevated arsenic concentrations disslved oxygen
. 1 (Low-Flow) 72 lemperature 4 4 4 84
in groundwater from the SWL (static waler level)
intermediate aquifer. E
DH-15 (E) .
(2) Evaluate polenlial sources
and the risk of impacls o 1 (DMLS)* 2 Lub P 1
resideniial wells in the City of ::g:“w: C Consti
. East Helena. analyzed for .
City of East Helena arsanic saty dus pH 150.1
EH-100 (E) % Umked sample sc 120.1
EH-10! (E) quaniity. Ca 6010A/7140 5
EH-102 (E) Mg 6010A/7450 5
EH-103 Na 6010A/7770 5
EH-104 K 6010A/7610 5
EH-105 HCO, 310.1 }
EH-106 SO, 9036 1
EH-107 Cl 3252 1
EH-108 TDS 160.1 10
EH-109* Total Alkalinity as CaCO, 310.1 1
EH-110*
EH-111° Trace Consttuents *
EH-112*
EH-50 (E) As (diss) 7060/6010A/6020 0.005
EH-51 (E) Cd (diss) 7131/7130/6010A/6020 0.001
EH-52 (E) Cu (diss) T211/7210/6010A/6020 0.004
EH-53 (E) Fe (diss) 6010A 0.02
EH-54 (E) Mn (diss) 6010A 0015
EH-57A (E) Pb (diss) 7421/7420/6010A/6020 0.005
EH-58 (E) Zn (diss) 7950/6010A/6020 0.02
EH-59 (E) Asd+ 7060/6010A/6020 0.008
EH-60 (E) AsS+ 7060/6010A/6020 0.005
EH-61 (E)
EH-62 (E)
EH-63 (E)
EH-64 (E)
EH-65 (E)
(1) (E) = existing monitoring well; other wells installed during impl ion of the IM Work Plan Addendum. Existing wells may be sampled as part of semi | Post-RI monitoring, depending on schedule.
(2) Sampling events will be conducted as follows:
[a] Routine monitoring event using raditional sampling methods (pump/bailer) will be conducicd afier new wells are developed.
[b] Wells with arsenic concentrations > 10 ppb based on initial sampling will be sampled al 2.5-foot intervals using Jow-flow techniques (6 samples per well based on 15-foot screen length).
[c] Two wells will be sel d for sampling with di multi-layer samplers (DMLS) (6 samples per well)

[d] Second routine monitoring event conducicd approximately 2-3 months after initial event.
(3) Trace constitucats will be analyzed as dissolved coazentrutions. Samples will be field-filtcred through a 0.45 um filter prior to preservation.
(4) Methods from EPA's Test Methods for Evaluating Solid Waste, SW-846 (1992) or Methods for Chemical Analysis of Water und Wastes (1983).
For trace constituents and major calions, Method 6010 is ICP, Method 6020 is ICP-MS, and other methods are flame or graphitc furnace AA.
(S) Ficld duplicates and blanks will be collected at a mini frequency of 1 per 20 ficld samples during routine and low-flow sampling events.
One field split (submitted 1o an alternale laboratory) will be collecied during each of the routine monitoring cvents and the low-flow sampling event.
One field standard will be submitied with the grcundwater samples for each routine monitoring event.

*  Secondary Intermediate Interval Monitoring Well. 2 to 4 of these wells may be located and constructed pending waler quality results from Primary Intermediate Wells 103 through 109.
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All sampling activities and field measurements will be recorded in a dedicated project

notebook. Samples will be preserved in the field as appropriate for the designated

parameters, assigned unique field identification codes, and labeled with the date and time

of collection.

All samples will be stored and shipped under well-defined chain-of-

custody protocols to ensure sample integrity.

TABLE 3-4. FIELD INVESTIGATION STANDARD OPERATING

PROCEDURES
SOP # Title Document Where SOP
First Presented
HF-SOP-3 Preservation and Storage of Inorganic Water | IM Work Plan
Samples
HF-SOP-4 Packing and Shipping Samples IM Work Plan
HF-SOP-5 Chain-of-Custody IM Work Plan
HF-SOP-7 Decontamination of Sampling Equipment IM Work Plan, RFI Work Plan
HF-SOP-9 Logging of Monitoring Well Geological | IM Work Plan, RFI Work Plan
Conditions, Construction, and Development
HF-SOP-10 Water Level Measurement with an | IM Work Plan, RFI Work Plan
Electric Probe
HF-SOP-11 Sampling Monitoring Wells for Inorganic { IM Work Plan, RFI Work Plan
Parameters
HS-SOP-13 Rinsate Blank Collection IM Work Plan, RFI Work Plan
HF-SOP-20 Field Measurement of pH using a pH Meter IM Work Plan, RFI Work Plan
HF-SOP-22 Field Measurement of Dissolved Oxygen IM Work Plan, RFI Work Plan
HF-SOP-29 Labeling and Documentation of Samples IM Work Plan, RFI Work Plan
HF-SOP-31 Field Notebooks IM Work Plan, RFI Work Plan
HF-SOP-73 Filtration of Water Samples IM Work Plan, RFI Work Plan
HF-SOP-79 Field Measurement of Specific Conductance IM Work Plan, RFI Work Plan
HF-SOP-84 Field Measurement of Temperature IM Work Plan, RFI Work Plan
HF-SOP-99 Operation of Pneumatic Slug Tester IM Work Plan Addendum
HF-SOP-105 | Low Flow Sampling of Monitoring Wells for | IM Work Plan Addendum
Inorganic Parameters

NOTE: Copies of all tabulated SOPs are included in Appendix A.

3.1.4 Discrete Multi-Layer Sampling

As noted previously, groundwater quality sampling for this investigation will include an

assessment of the vertical distribution of arsenic in groundwater. Based on the results of

initial sampling conducted using traditional sampling techniques, EPA discrete multi-

level samplers (DMLS) will be installed at two selected locations. The DMLS will be
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installed and sampled in accordance with the general sampling protocol previously used
by EPA on the site. In addition, all of the intermediate alluvial aquifer monitoring wells
with arsenic concentrations greater than the drinking water stancard of 0.010 mg/L (10
ng/L) will be sampled at discrete 2.5-foot vertical intervals using a low-flow (micro-
purge) technique for comparison with DMLS and traditional sampling results (see

Section 3.1.5 below).

Based on water quality results from preliminary sampling (Section 3.1.1), two monitoring
wells will be selected for vertical water quality profiling in the central plume area using

DMLS samplers. Protocols for use of the DMLS are included in Appendix B.

Each DMLS sampler consists of a 5-foot section of pipe containing 12 individual
sampling cells. Three DMLS samplers connected with quick lock connectors will be
used to sample the full screen length (15 feet) at each monitoring well. The top section
will be fitted with a cable hook, and the entire assembly suspended in the screened
interval of the well by means of a rope or cable tied off at the well head. Individual
sampling cells will be filled with deionized water prior to DMLS placement. The DMLS

samplers will be left in place for about 3 weeks.

For submittal to the laboratory, DMLS water samples will be composited over 2.5 foot
intervals (i.e., two separate samples will be composited from each 5-foot section, by
combining the contents of the top and bottom 6 sample cells). Due to the limited amount
of sample collected by the DMLS, samples will be analyzed for arsenic concentrations
only. Composited samples will be preserved in the field with nitric acid (HNO,) to pH<2

and submitted to the selected laboratory for analysis.

3.1.5 Micro-Purge Sampling

Intermédiate monitoring wells exhibiting elevated arsenic concentrations (>10 pg/L) will
be sampled at discrete vertical intervals using micro-purge or low-flow sampling
techniques. This method will permit a greater number of wells to be sampled over a
shorter time interval than DMLS sampling. In addition, unlike the DMLS, samples
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collected using the low-flow method are not limited in quantity and can therefore be
analyzed for the full suite of parameters (Table 3-3). Six water samples will be collected
from each well using low-flow methodology, at 2.5-foot intervals over the well screen
length. The results will be compared to DMLS data and used to interpret the vertical
arsenic distribution within the aquifer. A description of the low-flow sampling method is

included in Appendix A (HF-SOP-105).

3.1.6 Aquifer Testing

Aquifer testing will be conducted on all new IM monitoring wells (installed as part of this
Work Plan) and selected existing site monitoring wells to estimate intermediate aquifer
hydraulic parameters. The aquifer tests will be conducted as pneumatic (rising-head) slug
tests, following well development. The procedure for conducting pneumatic slug tests is
outlined'in HF-SOP-99 (Appendix A). Aquifer test data will be analyzed using software
such as AquiferTest from Waterloo Hydrogeologic.

3.2 RESIDENTIAL GROUNDWATER WELL MONITORING

All residential wells (identified in Table 3-5) that are down gradient of the plant site and
currently in use will be sampled on a bi-monthly schedule, conditional upon approval of
the well owners. Sample will start as soon as the Work Plan is approved. Based on
current information, 16 wells will be included in the bimonthly residential groundwater
monitoring program. A sampling and analytical matrix table summarizing the East
Helena residential groundwater monitoring program is shown in Table 3-6. If water
quality standards are exceeded in any residential wells, all of the residential wells in the

affected area will be resampled and the results will be reviewed with EPA (see Section

3.4).

Residential well sampling will be conducted in accordance with applicable standard
operating procedures (SOPs) previously approved for use on site investigations at the
East Helena Facility, including implementation of the Interim Measures Work Plan
(Hydrometrics, 1999b) and the RFT Work Plan (Hydrometrics, 2000a). Relevant SOPs

for groundwater quality sampling and investigation are listed in Table 303 and copies of
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the SOPs are in Appendix A. In general residential well sampling procedures are the
same as for monitoring well sampling with the exception that existing residential in-place
pumping equipment, piping and plumbing will be used for well purge and sample
collection. In addition, residential well sampling procedures will not include the use
micro purge techniques or pumping equipment decontamination where the existing

pumping systems are used for sample collection.

As described for monitoring well sampling, all residential well sampling activities and
field measurements will be recorded in a dedicated project notebook. Samples will be
preserved in the field as appropriate for the designated parameters, assigned unique field
identification codes, and labeled with the date and time of collection. All samples will be

stored and shipped under well-defined chain-of-custody protocols to ensure sample

integrity.

The bi-monthly monitoring program will continue, at a minimum, until submittal of the
final RFI report (see Section 5.0). Once the arsenic distribution in the intermediate
alluvial aquifer has been adequately defined, the residential monitoring program may be

revised.
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Table 3-5 East Helena Private Water Wells in Active Use

Address Well status Use of well
107 East Groschell . |Operating Irrigation only

- |Operating

Drinking water only

.|Operating

Irrigation only

= )|Operating

Drinking water and irrigation

Operating

Drinking water and irrigation

|Operating

Drinking water and irrigation

‘|Operating

Drinking water and irrigation

Drinking water and irrigation

109°Gail -

“|Operating

Operating irrigation only
203Ga|l |Operating Drinking water and irrigation
301:Gail = |Operating Irrigation only

Drinking water and irrigation

.| Operating

Drinking water and irrigation

. ‘|Operating

Drinking water and irrigation

- |Operating

Drinking water and irrigation

‘|Operating

Drinking water and irrigation

210 East Groschell

Operating Emergency Water Supply for City of East Helena Fire Department
West of East Helena |Operating Drinking water
West of East Helena [Operating Drinking water
West of East Helena |Operating frrigation only

K:\Projects\1257\table 3-5a&[Date]
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TABLE 3-6, EAST HELENA RESIDENTIAL WELL GROUNDWATER SAMPLING AND ANALYTICAL MATRIX TABLE

Total Project Field QC Samples™
Residential Non-QC Detection Field Total
Well Well Samples Analytical Laboratory Limit Field Rinsate Samples
Address Use Purpose Per Event'” Parameters Methods® Goal (mg/L) Duplicates Blanks Per Event
107 East Groschell Irrigation only . R R
126 East Clinton Drinking water only Monitor arsenic concentrations 16 Field Parameters 1 1 18
126 East Clinton Irrigation only in active residential wells in the pH
606 Bast Groschell | Drinking water and irrigation City of East Helenaona specific conductance (SC)
1 Gail Drinking water and irrigation | outine basis to rapidly identify
2 Gail Drinking water and irrigation | 81 impacts from upgradient
9 Gail Drinking water and irrigation sources.
105 Gail Drinking water and irrigation
109 Gail Irrigation only
203 Gail Drinking water and irrigation ‘
301 Gail Irrigation only borai arameter,
401 Gail Drinking water and irrigation Common Constituents
607 Lewis Drinking water and irrigation
316 North Montana | Drinking water and irrigation SO, 9036 |
407 Porter Drinking water and irrigation TDS 160.1 10
303 Thurman Drinking water and irrigation
Trace Constituents
As (diss) 7060/6010A/6020 0.002

(1) Sampling will be conducted bimonthly until characterization of the extent of arsenic concentrations in the intermediate aquifer is completed. Subsequently, the sampling schedule may be revised.
(2) Arsenic will be analyzed as dissolved concentrations. Samples will be field-filtered through a 0.45 um filter prior to preservation.
(3) Methods from EPA's Test Methods for Evaluating Solid Waste, SW-846 (1992) or Methods for Chemical Analysis of Water and Wastes (1983).

For trace constituents and major cations, Method 6010 is ICP, Method 6020 is ICP-MS, and other methods are flame or graphite fumace AA

(4) Field duplicates and rinsate blanks will be collected at a minimum frequency of 1 per residential sampling event.
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3.3 CONNECTION OF RESIDENTS TO MUNICIPAL WATER SUPPLY

On February 6, 2002, a public meeting was held to discuss the recent RFI groundwater
results. During the meeting, Asarco committed to provide hook-ups to the City of East
Helena residents who do not have access to City water. In February and March 2002,
Asarco met individually with the six rgsidents who live on Gail Street that are not hooked
up to the City water supply. Asarco offered to connect the City water supply to each of
these homes and abandon their private groundwater well at no cost to the homeowner.
Letters will be sent to qualifying residences offering connection to the City water supply
and abandonment of their existing groundwater well supply. Until the affected homes are
connected to the City of East Helena municipal water supply and the existing
groundwater wells have been abandoned, Asarco will continue to conduct sampling of the

private residential wells in accordance with Section 3.2 of this work plan.

3.4 ALTERNATIVES FOR ACTION IF CONTAMINANTS REACH
RESIDENTIAL WELLS

Results of bimonthly residential monitoring will be reviewed for compliance with water

quality standards. Asarco will notify EPA and immediately resample any wells that

exceed water quality standards. Per their stipulation (EPA, 2002), EPA will notify the

effected residents.

The effected residents and all surrounding residents with wells in active use will be
provided with bottled water until City water supply hook-ups are completed. Wells in the
affected area will be resampled and Asarco will review the results with EPA to determine

appropriate action.
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4.0 QUALITY ASSURANCE/QUALITY CONTROL

The quality of data collected during implementation of this IM Work Plan Addendum
will be maintained through a program of project-specific quality assurance (QA) and
quality control (QC) procedures. Data quality is typically evaluated in terms of the
PARCC parameters described below:

e Precision;

e Accuracy;

e Representativeness;
e Completeness; and

e Comparability.

Precision and accuracy are estimated through collection and analysis of field and
laboratory quality control samples and comparison with established control limits
(Section 4.1). Representativeness, completeness, and comparability of the data will be
ensured through adherence to Work Plan guidance and approved Standard Operating
Procedures during sample collection and analysis (Section 4.2). Finally, overall data

quality will be assessed during the data review and validation process (Section 4.3).

4.1 QUALITY CONTROL SAMPLES
4.1.1 Field QC Samples
Field quality control (QC) samples will be collected as outlined in Tables 3-2 and 3-4,

including the following:

e Duplicates -- 1 per 20 samples, with a minimum of 1 per monitoring event
e Splits -- 1 per monitoring event for routine and low-flow events

o Blind Field Standards -- 1 per routine monitoring event

e Deionized Water Blanks -- 1 per 20 samples, with a minimum of 1 per monitoring

event
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e Equipment Rinsate Blanks -- 1 per 20 samples, with a minimum of 1 per

monitoring event

Target control limits for field blanks (both deionized water and equipm‘ent rinsate blanks)
are no contaminants present above laboratory detection limits. Duplicate and split
samples will be collected and results reviewed to assess the precision (repfoducibility) of
the data. A control limit of £20% relative percent difference (RPD) for original and
duplicate (or split) samples will be used for concentrations greater than 5 times the
laboratory detection limit (DL); for concentrations less than 5 times the DL, a control

limit of £ DL will be used.

Relative percent difference is calculated as follows:

S-D|
ReD= _— I5-DI 4400
&)
2
where RPD = relative percent difference (%)
S = original sample result; and
D = duplicate sample resulit.

Target control limits for blind field standards will be based on manufacturer-specified

acceptable rangés.

4.1.2 Laboratory QC _
Laboratory quality assurance and quality control will be maintained through adherence to
the laboratory’s internal quality assurance protocol during analysis. Lab QC sample

frequency guidelines are specified in quality assurance (QA) plans for each laboratory.

Laboratory analysis for water samples will include (at a minimum) the following types of

QC samples:

o Labofatory preparation blanks;
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4-2 5/30/02 1:04 PM



file://K:/Tac-Sect/FILES/007/

(D T G B GURD S SR B D N GRS S GA R G I GRS B Gnts N GRS G S (N S NS R S R (UG B (NS S GRUD R G

e Matrix spike duplicates;
e Laboratory duplicates; and

e Laboratory control standards.

Target control limits for laboratory preparation blanks are no contaminants present above
laboratory detection limits. Target laboratory duplicate sample control limits for
inorganic constituents will be the same as those described in Section 4.1.1 for field

duplicates.

Target control limits for matrix (pre-digestion) spike duplicates will be recovery in the
range of 75 to 125%. Target control limits for laboratory control standards (LCSs) will

be recovery in the range of 80 to 120%.

4.2 REPRESENTATIVENESS, COMPLETENESS, AND COMPARABILITY

Collection of samples that are representative of the sampled media, and are comparable
with previously collected data from the site will be ensured through application of
standard sampling and analytical procedures. SOPs for collection of field data are listed
above in Table 3-4. The majority of these SOPs, with various revisions over time, have
been used to guide data collection and field investigation activities within and adjacent to
the East Helena facility for more than ten years. All field methods will be fuily
documented in the project field book, and field and analytical procedures will be subject
to the project data quality review process (Section 4.3). The completeness of the data
(collection of all measurements specified in the work plan) will also be reviewed during

data quality review.

The primary analytical laboratory for the analysis of water samples collected under this
Work Plan will be the Asarco Technical Services Center (TSC) Laboratory in Salt Lake
City, Utah. The TSC laboratory is certified as an environmental laboratory by the State of
Utah and has performed the majority of water quality analyses for the Asarco East Helena
project with EPA approval. Laboratory performance is certified regularly by performance

K:\Tac-Sect\FILES\007\105/\Imwp\R02rcra IM WORKPLAN-FINAL.DOC\HLN\5/30/02\065
4-3 5/30/02 1:04 PM



file://K:/Tac-Sect/FILES/007/1054/Imwp/R02rcra

audits conducted by the State of Utah and EPA inspectors, and by the use of EPA protocols.
Split samples collected as part of field QC procedures will be submitted to Energy
Laboratories in Billings, Montana as an indepiendent check on the primary laboratory’s
performance. Field water quality parameters will be analyzed by field technicians during

sampling.

The laboratory analytical methods to be used for laboratory analysis are listed in Tables
3-2 and 3-4 of this Work Plan. These tables also list detection limit goals where relevant.
A copy of the applicable table from the Work Plan will be included with each shipment of
samples sent to the laboratory. Requested turnaround times for samples submitted to the
laboratory (time from receipt of samples at the laboratory to delivery of sample results)

will be two weeks.

In the event that analytical problems arise (e.g., matrix interferences or other problems),
the laboratory will be responsible for notifying the project manager. The resolution of
analytical problems will be determined cooperatively by the project managers in

consultation with the analytical laboratory.

4.3 DATA QUALITY
A review of field and analytical data will be conducted following receipt of laboratory

data packages. The data review will focus on the following QA/QC parameters:

e Completeness of sampling and analysis (correct number and types of samples

collected, analyzed for the correct parameters);

e Completeness of field and laboratory documentation (information in field
notebooks and on laboratory reports is complete and correct relative to the

requirements of the work plan);
¢ Holding times;
e Field QC sample results; and

e Laboratory QC sample results.
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Although Contract Laboratory Program (CLP-level) documentation will not be required
from the laboratory, data review procedures and application of data qualifiers will follow
the general guidance given in USEPA Contract Laboratory Program National Functional
Guidelines for Inorganic Data Review (EPA, 1994). Data qualifiers will be assigned to
data which does not meet target quality control criteria (Section 4.1). A summary of the

data qualifier codes is shown in Table 4-1.

TABLE 4-1. DATA QUALIFIER CODES AND DEFINITIONS

Code Definition

J The associated numerical value is an estimated quantity because quality
.- control criteria were not met.

8] Blank contamination. Indicates possible high bias and/or false positive. The
- associated value is an estimate.

R Quality control indicates that the data are unusable (compound may or may
- not be present). Resampling and/or reanalysis necessary for verification.

A Anomalous data. No apparent explanation for discrepancy in data. Applied
- based on historic results or on comparison with other results for the same
sample (not an EPA code).

Summary data validation reports for will be prepared following review of the data
received from the laboratory. Typically, separate validation reports will be prepared
covering the results of each separate field monitoring event. The validation report will
summarize the QA/QC information from the field event and laboratory analysis
(including QC sample results), audit information, corrective actions taken (if any), and
the overall results of sampling and analytical activities with respect to work plan and
QA/QC compliance. The primary focus of the data validation report will be an estimate
of the effects any deviations from approved procedures may have on the project

objectives or data uses.
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5.0 DATA EVALUATION AND REPORTING

5.1 GROUNDWATER CHARACTERIZATION

All data collected in accordance with the program outlined in Section 3.0 will be
compiled, evaluated and incorporated into the RCRA Facility Investigation (RFI) report.
The RFI report will include éll field data collected during the RFI and Interim Measure
investigationé and will include updated potentiometric maps, stratigraphic cross-sections
and isocontour maps showing the horizontal and vertical extent of arsenic in the
intermediate aquifer. Relative to this Interim Measures work plan, the RFI report will:
1) describe the nature, extent of arsenic in the intermediate alluvial aquifer; and 2)

evaluate the susceptibility of existing domestic wells to water quality impacts.

5.2 RESIDENTIAL MONITORING

Results of bimonthly monitoring will be submitted to EPA. The results will be attached to
the monthly RCRA progress reports and will be included in the RFI report. Copies of the
laboratory results will also be sent by Asarco to residents whose wells are being
monitored. Asarco will immediately notify EPA by telephone if laboratory results
indicate any water quality standards are exceeded. EPA will notify the affected residents

in a separate letter to discuss the results and provide further guidance (EPA 2002).

5.3 CITY WATER SUPPLY CONNECTIONS
The monthly RCRA progress reports will describe progress on city water connections and
abandonments of replaced groundwater supply wells. The information will include

names, addresses, dates and status of connection activities.

5.4 ALTERNATE WATER SUPPLY SOURCES

The monthly RCRA progress reports will include information on the status of residence
that have been provided alternate water supply source (i.e. bottled water). The
information will include names, addresses, dates and status of alternate water supply

efforts.
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6.0 SCHEDULE

The project schedule is shown on Figure 6-1. It is expected that field investigation efforts
will begin in May 2002 following EPA review and approval of the IM Work Plan
Addendum. Well installation and a preliminary round of arsenic sampling will be
completed within 60 days of Work Plan approval.  Additional groundwater
characterization work will continue through the summer. Bimonthly sampling of
residential wells will begin immediately following Work Plan approval and will continue,

at a minimum, until submittal of the RFI report.
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I ] Qtr 2, 2002 Qtr 3, 2002 Qtr 4, 2002 Qtr 1,2003
ID__[Task Name Duration Start Finish Jun | Jul | Aug | Sep Oct | Nov |  Dec ] Jan

1 Completion of Work Plan 0 days Fri 4/5/02 Fri 4/5/02 : : :

2 EPA Work Plan Review 29 days Fri 4/5/02 Wed 5/15/02

3 |Work Plan Modifications 11 days Thu 5/16/02 Thu 5/30/02

4 Final Approval 5 days Fri 5/31/02 Thu 6/6/02

5 |Residential Monitoring 144 days Fri 6/7/02 Wed 12/25/02

6 Sample Collection 8 days Fri6/7/02  Thu 12/12/02 : Ej vvvvvv T 0. | P 0

7 Lab Analysis 28 days Fri 6/7/02  Wed 12/25/02 f‘_—:] . sy eyl e L 2 |

8 Reporting 120 days Fri 6/7/02 Thu 11/21/02 [ : :

9 G d Ch ization 96 days Fri 6/7/02 Fri 10/18/02

10 Access Agreements 22 days Fri 6/7/02 Mon 7/8/02

n Drilling/Well Installation 12 days Tue 7/9/02 Wed 7/24/02

12 Well Development and Sampling 10 days Thu 7/25/02 Wed 8/7/02

13 Aquifer Testing 5 days Thu 8/8/02 Wed 8/14/02

14 DMSL Sampling 15 days Thu 8/15/02 Wed 9/4/02

15 Micropurge Sampling 5 days Thu 9/5/02 Wed 9/11/02

16 2nd Round Conventional Sampling 2 days Thu 9/12/02 Fri 9/13/02

17 Laboratory Analysis 25 days Mon 9/16/02 Fri 10/18/02

18 |Data Analysis & Reporting 70 days Mon 10/21/02 Fri 1/24/03 3

19 Data Analysis 50 days Mon 10/21/02 Fri 12/27/02 I}

20 Report Preparation (Submit as Part of RFI 20 days Mon 12/30/02 Fri 1/24/03 L::‘l

Repory : i i

21 Submittal to EPA 0 days Fri 1/24/03 Fri 1/24/03 ’
Project: SAPSCHD3 Task [777777] Miestone < RolledUpTask [0 ] Rolled Up Progress NEMENSSSSNSN Extemal Tasks = |
Date: Thu 5/30/02 Progress SN Summary P Rolled Up Milestone > Spiit v ti. ..., ProjectSummary [pe————y;
006\10 \in\053002\k \data\project\1054\IMA1 Thu 5/30/021:19 PM FIGURE 6-1 INTERIM MEASURES WORK PLAN ADDENDUM SCHEDULE
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APPENDIX A

STANDARD OPERATING PROCEDURES
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STANDARD OPERATING PROCEDURES
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Hydrometrics, Inc. __Consulting Scientists, Engineers & Contractors

STANDARD OPERATING PROCEDURE

WATER LEVEL MEASUREMENT WITH AN ELECTRIC PROBE®
HF-SOP-10

1.0 PURPOSE

This procedure applies to all- water level measurements obtained using an electric probe.
Normally, this procedure is used for measurement of water levels in wells. All electrical probes
used, such as an Olympic Well Probe or Solinst, must have permanent depth markers placed at
a minimum of every five feet on the probe wire or must have a direct reading tape.

2.0 EQUIPMENT

s. Electronic probe;
e Water level measurement form (HF-FORM-430, Water Sampling Form);
¢ Field notebook; and

e Probe calibration data.

O PRGCEDURRE

W

The water level is obtained by Jowering the probe until contact is made between the probe tip
and the water surface. The contact point is carefully checked by a slight lowering and raising of
ihie probe and simulianeousiy observing the needle deflection, buzzer or light on the meier. For
accurate measurements, the wire line must be straight as the probe is lowered. This is
particularly important for the first few feet of line. Water depth is determined by direct reading
of the probe wire or by measurement of the wire to the center of the nearest large marker and
addition or subtraction from the marker value.

Water level measurements are referenced to the measuring point (MP). Normally, the MP is the
iop of 4 well casing but may be some other point. The MP used must be described. The north
edge of the casing is usnzlly marked or notched and all water level measurements are referred to
this marked point.

3.1 CALIBRATION

All eleciric probes must be periodically calibrated. Normally, calibration is once or twice per
year but, if the probe has been rebuilt, stretched, or replaced, it also must be recalibrated. For

hadminihsopisecZ 2\hisop-10.GoctHLINT 17] 9/95Y034
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Hydrometrics, Inc. Consulting Scientists, Engineers & Contractors

recalibration, the electrical line is laid out on a flat surface and stretched to approximate its
normal hanging weight. A steel tape graduated in 0.01 foot increments is used to determine

probe accuracy. Additionally, the probe must be placed in wells with differing water levels and

water depth measured and compared with a steel tape. A calibration record with correction
factor is developed and placed in the equipment calibration file. This calibration record is used
in the field to correct probe readings.

3.2 MEASUREMENT ACCURACY

All water levels and calibrations are normally measured to the nearest 0.01 foot. Probe data are
considered accurate to 0.05 feet under good measurement and calibration conditions and to 0.10
feet under normal conditions. For deep or difficult conditions, accuracy may be less than 0.10
feet.

3.3 PROBE DECONTAMINATION

For projects where cross-contamination of wells may be a problem, the well probe and line
must be decontarninated between measurement sites. This is particularly important when
measuring wells containing substances such as PAH (polyaromatic hydrocarbons), pesticides,
petroleum products and some metals.

Decontamination must include cleaning the probe and wire line. Most organics can be removed
by wiping the line, then using detergent in water followed by acetone or methanol, followed by
rinsing with DI (deionized) water.

Many inorganics can be removed by wiping the wire line and rinsing the probe in DI water.
Specific attention must be paid to any sediment, rust or dirt on the wire line.

h:\adminthsop\sec2,2'hfscp-10.doc LM 1719799034 ) '
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Hydrometrics, Inc. Consulting Scientists, Engineers & Contractors

STANDARD OPERATING PROCEDURE

SAMPLING MONITORING WELLS FOR INORGANIC PARAMETERS®
HF-SOP-11

1.0 PURPOSE

This procedure describes the methods to be used in collection of groundwater samples from
wells. The procedure is designed for wells where inorganic constituents are of primary concern.
Methods presented in this SOP are based on recent USGS guidance (USGS, 1999).

2.0 EQUIPMENT

Bailers, submersible pumps, sample containers and water level electric probe. Other sampling
equipment may be required for specific tasks. Other general equipment may include:

. Distilled or deionized water;

e Sampling sheets;

o Samplers notebook;

e Coolers;

e Preservatives;

e 0.45 pm filter apparatus with inert filters;

e Chemical-free paper towels;

e Properly cleaned sample containers of an appropriate volume; and

e Stopwatch or watch with second hand.

3.0 PROCEDURE
A. Unlock and open well.

B. Obtain water level measurement (see water level HF-SOP-10). If total well depth is
unknown, measure total depth by sounding well. NOTE: electric water level probes
are typically not recommended for sounding wells; instead, use a weighted
measuring tape or other equipment.

C. Calculate well volume (see calculation on HF-FORM-430) as [(H) x (D)Z] / 25,
where H = height of water column (feet), and D = well diameter (inches).

h:\admin\hsop\sec2.2\hfsop-11.doc\HLN\9/2 1/00\034 ' ’
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Hydrometrics, Inc. Consulti'ng Scientists, EnEineers & Contractors
D. Purge well using an appropriate device (bailer, pump, etc.). Standard procedure

involves removal of a minimum of three well volumes of water while monitoring
field measurements and water level over time. In addition, purge volume should be
adequate to remove water from the well annulus (filter pack). Record all pertinent
purging information in field notebook and/or on field sampling forms, including:

e Purge method, rate, and total volume;

o Field parameter measurements;

e Water level changes (drawdown/recovery);
¢ Location of pump intake; and

e Other information.

The USGS (1999) recommends pumping or otherwise purging at a rate that does not
significantly lower the water level. Toward the end of purging, a minimum of five
sets of field parameters should be collected at regular intervals while pumping at the
rate to be used for sampling. Use of a flow cell for field parameter monitoring is
recommended. Field parameters are considered “stable” when the variability
between five sequential measurements is as follows:

Parameter Stability Criteria

pH +0.1

Temperature (°C) +0.2

SC (umhos/cm) +5% (SC < 100) or +3% (SC > 100)
Dissolved oxygen (mg/L) +0.3

Turbidity (NTU) +10% (NTU < 100)

Modifications of the standard purge procedure are allowable if site conditions, the
project work plan, or study objectives dictate such modifications. At a minimum,
sufficient water must be removed to rinse equipment and sample bottles, and field
measurements must be monitored prior to sampling. Low-flow (micropurge)
techniques are discussed in a separate procedure (HF-SOP-105).

Samples are collected after a sufficient purge volume is withdrawn and/or field
parameters have stabilized and final field measurements have been collected.
Bottles are filled directly from discharge from the well or from another clean
container. Considerable care should be taken to minimize entrainment of air,
particularly if bailers are used for sampling. '

Preserve and store samples as appropriate for the intended laboratory analysis.
Collect final water level measurements if desired to determine water level recovery
following purging.
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4.0 DECONTAMINATION

If cross contamination of sampled wells is a potential problem, the following procedure should
be followed: S

A. Design sampling to proceed from the best quality water to the poorest quality water;
and ' :

B. Rinse the pumping apparatus or bailer between holes if well yields are too low to
supply sufficient water to purge the pump, water hose or bailer.

If contamination is a problem, dedicated pumps or bailers should be used to ensure the samples
are representative of site conditions (see Decontamination of Sampling Equipment HF-SOP-7).
5.0 ASSOCIATED DOCUMENTS

A. Decontamination of Sampling Equipment (HF-SOP-7)

B. Water Level Measurement with an Electric Probe (HF-SOP-10)

The follllowing forms will be completed and retained in the project file:

A. Water Sampling Form (HF-FORM-430);
B. Chain-of-Custody Form (HF-FORM-1); and
C. Shipping receipts.

6.0 REFERENCES

USGS, 1999. National Field Manual for the Collection of Water-Quality Data: Chapter A4,
Collection of Water Samples. USGS TWRI Book 9, September 1999.
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STANDARD OPERATING PROCEDURE
FIELD MEASUREMENT OF pH USING A pH METER®
HF-SOP-20

1.0 PURPOSE

The purpose of this procedure is to obtain accurate field measurements of the pH of water
samples.

20  EQUIPMENT

This procedure written for Beckman pH meters is applicable to a variety of pH meters. Specific
operating instructions accompanying each pH meter should be followed where in variance with

the following.

2.1  INSTRUMENTS

e Beckman I-10 or I-21 pH meter or similar instrument;
e Beckman pH electrode/probe, Model 39841 or equivalent;

_ e Beckman temperature probe, Model 598115 or equivalent; and
« Field notebook. '

22  REAGENTS

» Buffers pH 4.0, 7.0 and 10.0 (other buffers may be used in unusual waters);
e Deionized water; and

o Beckman filling and storage solution - 4 Molar KClI (potassium chloride).

30 PROCEDURE

Calibration of the instrument should be performed at least once per day, before sampling
activities commence. Field calibration forms must be completed at this time, and calibration
verification should be documented in field notebooks.

While field instruments are manufactured to be rugged and dependable, a reasonable amount of
care is still required to ensure that instruments function properly and give accurate readings.

h\admin\hsop\sec2.6\hfsop-20.doc\HLN\1 1/19/99\034
Revised 12/94 04/01/02 2:58 PM




pradend

Hydrometrics, Inc. Consulting Scientists, Engineers & Contractors

] 1 W

Field instruments must be cleaned and stored in accordance with established guidelines (see
operating instructions) in order to maintain instrument integrity.

3.1
311

3.1.2

32

3.2.1

3.2.2

3.23

324

3.2.5

EQUIPMENT SET UP
Instrument Check
e Tum instrument on by pressing pH button, check display and confirm the low

battery light is not illuminated; and

* Visually inspect probe for damage and fluid level. If damage is evident, replace
probe. If low on fluid, refill using 4 Molar KCI potassium chloride. Be sure to
leave vent hole uncovered while taking measurement so that liquid junction flows
freely.

Connecting Electrodes

e Insert the pH electrode connector into the large input jack on the top of the
instrument and twist to the locked position.

e Insert temperature electrode connector into the small input jack on the instrument
top. Instrument is now ready to use.

pH MEASUREMENT

Select two buffers, one with a pH of 7.0. Select a second buffer (pH 4.0 or 10.0) so that
the two buffers bracket the anticipated sample pH (use fresh buffers for calibration).

Uncap pH electrode, remove stopper from vent hole, rinse both pH probe and temp
probe with deionized water and place in pH 7.0 buffer.

Depress the CLR button, then depress the d button. The meter will automatically
temperature adjust the reading and compensate to read the buffer in which it is reading.
This reading will lock in memory and display on the bottom of the screen.

Remove electrodes from the solution. Rinse with distilled water and place in the second
buffer.

Repeat step 3.2.3 with the second buffer.
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3.2.6 Remove electrodes from the second buffer, rinse with distilled water then a portion of
sample and place in sample. The instrument is calibrated daily or anytime a pH is
measured, which is not in the buffer range for which the instrument is calibrated.

3.2.7 Record the pH of the sample in sample field notebook.

3.2.8 When measurements are complete, rinse probe with distilled water. Add a few drops of
4 Molar KCI solution to the protective cap and store probe in the protective cap.
Replace cover over vent hole.

40 ASSOCIATED REFERENCES

Beckman Instruments, 1992. Instruction manuals for specific ion meter, models I-10, I-11, I-
12; and I-21 pH meters.
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STANDARD OPERATING PROCEDURE

FIELD MEASUREMENT OF DISSOLVED OXYGEN °
HF-SOP-22 - -~

1.0 PURPOSE

The purpose of this procedure is to obtain accurate field measurements of dissolved oxygen
(DO) in water. . -

20 EQUIPMENT

2.1 INSTRUMENTS
* YSIModel 55 Dissolved Oxygen Meter

22 REAGENTS
e Deionized water (DI H,0); and

e Oxygen probe solution.

23 OTHER

e Flow Cell (strongly recommended)
¢ Field Notebook

3.0 PROCEDURE

When collecting measurements in surface water, the probe can be placed directly into the water
body. Similarly, the best method for measuring DO in groundwater is by using a
downhole probe. However, if this is not feasible, alternate acceptable methods are available.
When measuring ground water, care should be taken to avoid adding oxygen to the water during
sample collection. To avoid this condition, bailers should be moved slowly across the water
surface and pumping rates should be reduced to avoid splashing or otherwise aerating the
sample upon collection in the sample cup. Pumps which cause air to contact the water should
not be used. Use of a flow-through cell is strongly encouraged over collection in a sample
cup. A flow-through cell reduces potential sample aeration and allows for selection of a
standard flow rate to proceed across the probe.
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31 EQUIPMENT SET-UP AND CALIBRATION

3.1.1.
3.1.2.

3.1.3.

3.14.

Switch probe on and allow to warm up for at least 15 minutes. Check probe
storage chamber to ensure that sponge in chamber is moist.

Press up and down arrow keys simultaneously to enter calibration mode.
Input approximate elevation in feet above mean sea level and press Enter.

Allow meter reading to stabilize. Record “Cal #” shown in lower area of
display, as well as meter readout following stabilization. These numbers
should be similar (i.e., for “Cal #” equal to 82, stabilized meter reading
should be 80-84). Press Enter.

Input salinity correction value (leave at 0.0 for fresh water, or input
approximate salinity for brines, seawater, etc.) Press Enter. Meter is ready
for use. If “Cal #” and stabilized meter reading are not similar, recalibrate.

3.2 DISSOLVED OXYGEN MEASUREMENT

321

3.2.2

3.2.3.

Lower probe into sample. NOTE: Some motion of water past probe
membrane is required, so if water sample is quiescent, manual movement of
probe is required (do not aerate sample during movement).

Allow reading to stabilize. MODE key selects unit readout (% saturation or

mg/L). Record reading and temperature.

Replace probe in storage chamber after decontamination. If meter is shut
off, recalibration is required each time meter is turned on. Recalibration will
also be required if elevation changes significantly (>200 ft) between sample
locations.

4.0  ASSOCIATED REFERENCES

Yellow Springs Instrument .Company. Instrument manual for YSI Model 55 dissolved oxygen

meter.

HF-SOP-49 - Use of a Flow Cell for Collecting Field Parameters.
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TABLE 1.

Temperature
°C

—
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SOLUBILITY OF OXYGEN IN FRESH WATER

mg/L Dissolved
—Oxygen

14.60
14.19
13.81
13.44
13.09
12.75
12.43
12.12
11.83
11.55
11.27
11.01
10.76
10.52
10.29
10.07

9.85

9.65

9.45

9.26

9.07

8.90

8.72

Temperature
°C
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

mg/L Dissolved
Oxygen
8.56
8.40
8.24
8.09
7.95
7.81
7.67
7.54
7.41
7.28
7.16
7.05
6.93
6.82
6.71
6.61
6.51
6.41
6.31
6.22
6.13
6.04
5.95

Source: Derived from 15th Edition "Standard Methods for the Examination of Water and

Wastewater".
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7
TABLE 2. ALTITUDE CORRECTION FACTOR
= Atmospheric Pressure Equivalent Altitude Correction
] mmHg or Ft. = Factor
) 775 -540 1.02
760 0 1.00
§ 745 : 542 98
730 1094 96
% 714 1688 94
b 699 2274 92
684 2864 90
;] 669 3466 .88
b 654 4082 86
‘638 4756 84
] 623 - 5403 .82
' 608 6065 .80
. 593 6744 78
J 578 7440 76
- 562 8204 74
547 8939 72
g 532 9694 .70
517 : 10472 .68
E 502 11273 _ '.66

Source: Derived from 15th Edition "Standard Materials for the Exarninétion of Water and

Wastewater".
:'j
a
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STANDARD OPERATING PROCEDURE

LABELING AND DOCUMENTATION OF SAMPLES®
HF-SOP-29

1.0 PURPOSE

Documentation of all samples is an important aspect of the project quality assurance program.

This SOP specifically describes sample labeling procedure, but also addresses related aspects of
sample documentation, all or some of which may be required by the project Quality Assurance
Project Plan (QAPP).

2.0 EQUIPMENT

Sample documentation will involve use of some or all of the following:

1. Sample Identification Tag or Labels;

2. Chain-of-Custody Records;

3. Custody Seals;

4. Sample Analysis Form, or cover letter and parameter list; and
5. Field Notebooks.

These documents are sequentially numbered or sequentially paged.

All forms are completed using waterproof ink. Where necessary, the sample labels are
protected with label protection tape.

3.0 SAMPLE IDENTIFICATION TAGS OR LABELS

Projects which may be the subject of litigation or are mandated by the EPA typically require
serially numbered Sample Identification Tags. Sample labels (generally self-adhesive) are used
in lieu of Sample Identification Tags for many projects and provide the same information, but
are not serially numbered. The following discussion pertains specifically to use of Sample
Identification Tags but, except for the next two paragraphs, is applicable to sample labeling in
general.

Sample Identification Tags are distributed to field investigators and the serial numbers: are
recorded in project files and the field notebook. Individuals are accountable for each tag
assigned to them. A tag is considered in their possession until it has been filled out, attached to

h:adminthsop\sec2. 1\hfsop-29.doc\HLN\1 1/19/99\034
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a sample and transferred to another individual with the corresponding Chain-of-Custody
Record.

At no time are any Sample Identification Tags to be discarded. If any tags are lost, voided
or damaged, the circumstances are noted in the appropriate field notebook immediately upon
discovery and the Quality Assurance officer notified. At the completion of the field
investigation activities, all unused Sample Identification Tags are returned and are checked
against the list of assigned serial numbers.

Samples are removed from the sample location and transferred to a laboratory or other location
for analysis. Before removal, however, a sample is often separated into fractions depending on
the analysis to be performed. Each portion is preserved in accordance with prescribed
procedures and each is identified with a separate Sample Identification Tag. In this case, each
tag should indicate in the "Remarks" section that it is a split sample.

The information recorded on the tag or label includes:

e Project Code. An assigned Hydrometrics number (optional);

o Station Number. A code assigned by the Field Team Leader {optional), which
identifies the station location;

o Date. A six-digit number indicating the year, month and day of collection;

e Time. A four-digit number indicating the 24-hour clock time of collection (for
example, 1345 for 1:45 p.m.);

e Sample Number. The sample code number assigned to that sample and recorded in
the field notebook;

e Samplers. Each sampler’s name;

¢ Preservative. The tag should indicate whether a preservative is used, the type of
preservative, and whether the sample has been field filtered;

¢ Analysis. The general type of analysis requested;
e Tag Number. A unique serial number, stamped on each tag (optional); and

* Remarks. The sampler’s record of pertinent information (sample matrix, dissolved
vs. total, highly contaminated, etc.).

The tag used for water, soil, and sediment samples contain an appropriate place for designating
the sample as a grab or a composite, identifying the type of sample collected for analysis, and
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indicating preservation, if any. The Sample Identification Tags are attached to or folded around
each sample and are taped in place. '

After collection, separation, identification and preservation, the sample is handled using
chain-of-custody procedures as discussed in the Chain-of-Custody Standard Operating
Procedure (HF-SOP-5).

If the composite or grab sample is to be split, aliquoted portions are placed into similar sample
containers. Sample Identification Tags are completed and attached to each container. Tags on
quality control samples (e.g. blank, duplicate, blind field standards) are NOT marked to identify
samples as such.

31 "SAMPLE CODE NUMBERING OF DUPLICATE SAMPLES FOR XRF
ANALYSES .

When collecting duplicate soil samples to be analyzed by XRF techniques, the duplicate sample
number is the same as the original sample number with the exception of a suffix “D”
designation.

For example: XYZ-9710-100 Original Sample Number
XYZ-9710-100D Duplicate Sample Number

40 CHAIN-OF-CUSTODY

Samples collected during any investigation may be used as evidence and their possession must
be traceable from the time the samples are collected until they are introduced as evidence in
legal proceedings. To document sample possession, Chain-of-Custody procedures are
followed. These procedures are described in the Chain-of-Custody Standard Operating
Procedure (HF-SOP-5).

50 SAMPLE SHIPMENT

Samples are packaged properly for shipment as described in the Packing and Shipping
Samples Standard Operating Procedure (HF-SOP-4) and dispatched to the appropriate
laboratory for analysis.

If sent by mail, the package is registered with return receipt requested. If sent by overnight
express courier or common carrier, a Bill of Lading is used. Air freight shipments are sent
collect. Freight bills, Postal Service receipts and Bills of Lading are retained as part of the
permanent documentation.

When Chain-of-Custody is required, a separate custody record must accompany each shipment.
When transferring samples, the individuals relinquishing and receiving samples will sign, date
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and note the time on the record. This record documents sample custody transfer from the
sampler, often through another person, to the analyst at the laboratory.

60 SAMPLE ANALYSIS REQUEST

Samples sent to a laboratory for testing will be accompanied by a Request for Analytical
Services or cover letter that describe the samples, specifies the testing required, and who is to
receive the analytical report. Commonly, a standard analytical schedule is used for a project
and this schedule should be attached to the Request for Analytical Services or cover letter.

7.0  FIELD NOTEBOOKS

A bound field notebook must be maintained by the Field Team Leader to provide a daily record
of significant events, observations and measurements during field investigations. All entries
should be signed and dated. All members of the field investigation should use this notebook. It
should be kept as a permanent record.

These notebooks are intended to provide sufficient data and observations to enable participants
to reconstruct events that occurred during the project and to refresh the memory of the field
personnel if called upon to give testimony during legal proceedings. In a legal proceeding,
notes, if referred to, are subject to cross-examination and are admissible as evidence.

8.0 CORRECTIONS TO DOCUMENTATION

Unless prohibited by weather conditions, all original data should be recorded in field notebooks,
Sample Identification Tags and Chain-of-Custody Records are written with waterproof ink.
None of these accountable serialized documents are to be destroyed or thrown away, even if
they are illegible or contain inaccuracies that require a replacement document.

If an error is made on an accountable document assigned to one individual, that individual may
make corrections simply by crossing a single line through the error and entering the correct
information. The erroneous information should not be obliterated. Any subsequent error
discovered on an accountable document should be corrected by the person who made the entry.
All subsequent corrections must be initialed and dated.

90 SAMPLE NUMBERING

All samples of water and earth materials will be assigned a number by Hydrometrics. The
numbers assigned for water samples will all use the project prefix and will be followed by a
sequential number. The first sequential number will be 1 and a total of 5000 numbers are
available for project water samples. A water sample may consist of several bottles if the sample
is to be analyzed for several parameters, each requiring a different preservation technique. All
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bottles for a sample will have the same sample number. Sampling data including site
identification and sample numbers will be recorded in the field sampler’s notebook to allow
positive identification of the sample.

All samples of earth materials such as drilling cores from test wells and stream bottom sediment
will be assigned a number by Hydrometrics. The numbers assigned for earth material samples
will use the project prefix and will be followed by a sequential number. The first sequential
number will be 5001 and a total of 4999 numbers are available for these samples. Sampling
data and sample numbers for earth materials will be recorded and handled in the same manner
as for water samples.

The laboratory will not be aware of the specific sample source. All quality control samples will
use the same sample numbering method.

10.0 ASSOCIATED REFERENCES

National Water Well Association, 1986. RCRA Groundwater Monitoring Technical
Enforcement Document. September.

U.S. EPA, 1986. Test Methods for Evaluating Solid Waste, SW-846, 3rd Edition, Vol. II:
Field Manual Physical/Chemical Methods. November.
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STANDARD OPERATING PROCEDURE

FIELD NOTEBOOKS®
HF-SOP-31

1.0 PURPOSE

Field notebooks are intended to provide sufficient data and observations to enable project
participants to reconstruct events that occurred during the project and to refresh the memornies of
field personnel if called upon to give testimony during legal proceedings. In a legal proceeding,
notes, if referred to, are subject to cross-examination and are admissible as evidence.

2.0 EQUIPMENT

Bound notebook with water resistant pages Pen with indelible ink

3.0 PROCEDURE

A bound field notebook must be maintained by the Field Team Leader to provide a daily record
of significant events, observations and measurements during field investigations. All members
of the field investigation should use this notebook and initial their entries. It should be kept as a
permanent record. All information called for in the Work Plan must be recorded, and any other
data pertinent to the investigation at hand.

General information recorded in the field notebooks must include:

e Date and time;
e Weather conditions;
» Site name and description (if the first visit);
* Names of individuals participating in and/or observing sampling; and
*  Unusual circumstances (unlocked well lid, missing staff gage, flood stage, etc.).
In addition, sampling personnel must record descriptions of sampling activities and parameters

determined at each sampling station, appropriate to the type of media being sampled. This
should include (but is not limited to) the following:

h:\admin\hsop\sec2. 1\hfsop-31.doc\HLN\11/19/99\034
Revised 12/94 1 04/01/02 2:59 PM



file://h:/admin/hsop/sec2
file:///hfsop-3

ST -3 feteng P-*a &3 Fon g

A

&

Hydrometrics, Inc. Consu]lixlg Scientists, Engineers & Contractors

1)  For water sampling (surface water and/or groundwater):

Water level measurement

Flow measurement

Sample collection: Dissolved Oxygen Preservative(s)
Site number Water Temperature pH
Sample code number Specific conductivity Filtration
Date and time Calibration of Field Equipment

Bottle size(s)
Sample tag number (for Superfund investigations)
Bottle quality control number (for Superfund)

2)  For soil sampling and/or sediment sampling:

Soil moisture conditions
Soil type (textural classification)
Sample collection

Site number

Sample code number

Date and time -

Sample tag number (for Superfund investigations)

Sketch map of property, designated sample units and sample locations (for soil samples),
or cross-section of stream sampled and approximate grab sample locations (for sediment
samples). '

Site descriptions should be adequate for someone unfamiliar with the site to relocate sampling
point, and should be particularly detailed if this is the first sampling.

Other information deemed pertinent to sampling procedures and field conditions should be
entered in field notebooks. This should include (at a minimum):

1. Notes confirming that calibration of field instruments (pH, SC, DO, etc.) was
performed prior to sampling;

2. Notes detailing decontamination procedures performed (methods, any reagents
used);

3. Notes describing the source of DI water used for decontamination or for collection
of blanks; and

4. Notes describing shipment of samples to the laboratory and any enclosures included
as part of such shipments (chain-of-custody, parameter lists, etc.).
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All field notes should be entered into bound notebooks with indelible ink. Corrections should
be made by deleting incorrect information with a single line and initialing the deletion in the
field notebook. Each page should be numbered consecutively and signed by field personnel.
All field records should be kept under custody of the Field Team Leader. Copies of the field
records should be available for distribution to all team members for data reduction and report
preparation. :
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STANDARD OPERATING PROCEDURE

FILTRATION OF WATER SAMPLES®
HF-SOP-73

1.0 PURPOSE

Water is filtered to obtain a sample for analysis of dissolved constituents. Dissolved
constituents are operational, defined as those which pass a 0.45 micron filter. This SOP
describes three methods in which filtered water samples can be prepared in the field. Other
types of filtering equipment can be employed. The essential points are use of the proper filter
and adequate decontamination of reusable equipment.

2.0 EQUIPMENT

Disposable
Filter Barrel or Plate Filter or Filter Cartridges
Tire pump Peristaltic Pump 0.45 pum filter
Filter barrel Plate filter cartridges
Clean sample bottles 0.45 um membrane Peristaltic Pump
Prefilters (where needed) filters Plastic tubing
0.45 pm filter membranes Prefilters (where Clean sample bottles
Distilled or deionized water needed) Distilled or
Plastic tweezers Plastic tubing deionized water

Clean sample bottles
Distilled or deionized water
Plastic tweezers

3.0 PROCEDURE

A)  General

1.

2.

Have at hand clean sample bottle pre-labeled with appropriate information.
Use a new filter membrane or disposable cartridge for each sampling site.
If water is very turbid, it must be first run through a larger pore size pre-filter.

Be sure you know the volume of sample required for analysis, check with laboratofy
if in doubt.

If collecting samples for low level analysis, rinse filter with an appropriate amount
(usually 100 to 200 ml) of DI water prior to filtering any sample. This step should
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remove contaminants (particularly zinc) which may be entrained within the filter
matrix. Record the amount of DI water used to rinse the filter.

Rinse sample bottle with filtered water three times, before collecting actual sample.
However, if water is hard to filter or of limited quantity, distilled or deionized water
rinses are acceptable.

Avoid dusty locations and vehicle motor exhaust while filtering.

When a peristaltic pump is used, the pump and tubing should be cleaned
immediately after obtaining a sample by pumping 500 ml of deionized water. After
pumping 500 ml deionized water, remove inlet tubing from DI source and continue
pumping until tubing is drained.

B) Filter Cartridge These are single-use, self-contained membrane filtration devices with
inlet and outlet hose barbs designed for use when samples are pumped.

L.

2.

Examine a new filter cartridge and note direction of flow arrow imprinted on it.

Slip hose from pump over inlet nipple of cartridge. Sample may be collected
directly from filter outlet (optional, place another short piece of tubing over outlet, if
this is more convenient). Keep tubing length as short as possible.

1t is important that water flow through filter in direction of imprinted arrow, as filter
failure will likely result if flow direction is reversed. Also, inlet pressure should not
exceed 25 PSI (pounds per square inch) for most filters of this type.

Turn pump on, discard initial 30 ml of filtrate (filter purge), then begin collecting
sample. '

()] Filter Barrel Filter barrels are reusable plastic cylinders with removable endcaps and
fitted with a replaceable filter at one end (the outlet) and an air inlet at the opposite end
by which the barrel is pressurized. Filter barrels are used where samples cannot be
pumped.

1.

Filter barrels must be decontaminated prior to going to the field. Remove both end
caps, O-rings, and filter support. Wash components thoroughly with a non-
phosphate detergent and water, thoroughly rinse with distilled or deionized water,
re-assemble and store in plastic bag.

Ideally, the filter barrel should be rinsed with the water to be sampled. If an
inadequate volume of sample water is available, a distilled or deionized water rinse
is acceptable.
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3. After rinsing, fill filter barrel 2/3 full with sample water.

4. Place clean 0.45 um filter on filter support (do not touch filter with hands, use
plastic tweezers or blue divider papers to move or adjust filter). Wet filter support
will hold filter in place.

5. Assemble filter barrel carefully so as not to twist or put folds in filter paper.

6. Tumn filter barrel over so sample water comes in contact with filter paper.

7. Connect tire pump to Shrader valve and pump several times. Do not allow static
pressure on tire pump to go over 20 PSL

8. Purge filter by draining approximately 100 ml of water from lower side of filter
support. Discard this initial filtrate.

9. Once sample bottle is full, preserve sample as needed and place in cooler with ice.

" (see HF-SOP-3, Preservation and Storage of Inorganic Water Samples).

10. Before leaving the sampling site, disassemble filter barrel, remove and dispose of

filter paper, and immediately rinse with distilled or deionized water. Partial
decontamination, consisting of three successive distilled or deionized water rinses
between sites is acceptable.

D) Plate Filter Plate filter is a reusable membrane filter holder, generally fitted with three
removable legs. The filter holder is disassembled to replace the large diameter
(typically 14.2 cm) membrane filter. Water is pumped through the filter, entering at the
top and exiting through a port at the bottom.

1.

4.

Plate filters must be decontaminated prior to use. Disassemble plate filter, wash
components thoroughly with a non-phosphate detergent and water, thoroughly rinse
with distilled or deionized water, re-assemble and store in plastic bag.

Ideally, the plate filter should be rinsed with the water to be sampled. If an
inadequate volume of sample water is available, a distilled or deionized water rinse
1s acceptable.

Place clean 0.45 pm membrane filter on filter support (do not touch filter with
hands, use plastic tweezers or blue divider papers to move or adjust filter). Wet

filter support will hold filter in place.

Assemble plate filter carefully so as not to twist or put folds in filter paper.
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5. Connect plastic tubing from pump to top hose barb on filter. Sample may be

NOTES

collected directly from outlet, or keep tubing lengths as short as possible. A short
piece of tubing may be connected to outlet barb at bottom.

Purge filter by pumping approximately 100 ml of water through the filter. Discard
this initial filtrate. ’

Once sample bottle is full, preserve sample as needed and place in cooler with ice.
(see HF-SOP-3, Preservation and Storage of Inorganic Water Samples).

Before leaving the sampling site, disassemble plate filter, remove and dispose of
filter paper, and rinse with distilled or deionized water.

Use a new filter membrane for each sample.
Run very turbid or muddy water through prefilter first and then a 0.45 micron filter.

Check with lab performing analysis for adequate quantity and holding time for
sample. Complete all appropriate documentation.

Completely decontaminate filtering equipment after each day of use and whenever
partial decontamination doesn't visually clean all filter parts. -

Do not attempt filtration in dusty locations or while your vehicle motor is running
(due to exhaust).
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STANDARD OPERATING PROCEDURE

FIELD MEASUREMENT OF SPECIFIC CONDUCTIVITY®
HF-SOP-79

1.0 PURPOSE
The purpose of this procedure is to obtain accurate field measurements of specific electrical

conductance of water samples. This procedure is written for the Hydac Digital type meter;
other meters may be used if they are calibrated and used according to manufacturer’s

recommendations.
2.0 EQUIPMENT
2.1 Instrument

e Hydac Digital Conductance Meter or equivalent meter.

2.2  Reagents

e Potassium Chloride (KCl) standard solutions with known conductivities: (e.g., 50,
74, 147,400, 718, 1413, 6668, 12990 pmhos/cm at 25°C).

2.3 Other Materials

* Distilled or deionized water for rinsing

¢ Field Sampling Notebook
3.0 PROCEDURE
3.1  Calibration

3.1.1 Rinse sample cup with distilled water before and after each conductivity
standard used.

3.1.2 Select a standard with a conductivity value in the approximate range of the
samples to be measured. After rinsing the sample cup with distilled water, rinse
with the selected standard. Fill the cup with the standard, set function selector to
TEMPERATURE and depress READ button. Set the temperature
compensation knob on the conductivity side of the meter to the displayed
temperature.
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3.13

3.14

3.1.5

Switch function selector to CONDUCTIVITY and depress the READ button
(READ button must be held down for display). Move the range selector to the
lowest setting which will give a reading.

If the reading is not that of the standard, with a small screwdriver, adjust the
calibration screw at the bottom of the meter (only small turns are required for

fine-tuning).

Record reading, temperature, and time of calibration.

3.2 Sample Specific Conductivity Measurement

32.1
322
3.2.3

3.24

3.2.5

Rinse the sample cup with distilled water prior to filling with the sample. Rinse
and fill with sample water.

Switch function selector to temperature scale and measure temperature of
sample.

Adjust temperature compensator knob on the conductivity side of the meter to
the displayed temperature.

Switch function selector to conductivity and depress READ button. Move the
range selector to the lowest setting which will give a reading. Read conductivity

and multiply by range. Record in field sampling notebook.

When measurements are complete, rinse probe with distilled water.

3.3 Calibration Check

3.3.1

3.3.2

At Jeast once per day (or about once per every ten samples collected, whichever
is more frequent), or when measuring conductivities of samples significantly
different from the initial calibration solution, the meter should be checked
against a standard of known conductivity. Record the check standard
conductivity, temperature, and meter reading on appropriate documentation.

If the check standard reading differs from the true value by more than 10%, the
meter should be recalibrated according to Section 3.1 of this SOP.

40  ASSOCIATED REFERENCES

Hydac Instruments -Instruction Manual for Digital Conductance, Temperature, and pH Tester.
Hydrometrics’ Video Training Library -- Measurement of Conductivity.
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STANDARD OPERATING PROCEDURE

FIELD MEASUREMENT OF TEMPERATURE®
HF-SOP-84

1.0 PURPOSE

This procedure outlines the protocol for measurement of water temperature in the field. The
procedure is applicable to lotic systems (rivers and streams), lentic systems (lakes, ponds,
reservoirs, and impoundments), and groundwater systems. Special considerations for the
various types of water environments are included in this procedure.

2.0 EQUIPMENT
e Liquid-filled thermometer, with scale divisions marked at a minimum of 1.0°C;

o Standard field meter equipped with a thermometer (for example, ph meters and
conductivity meters often include temperature readout option);

e Temperature readout device with a remote probe (necessary for measuring
temperature at depth in lakes or groundwater wells); and

e Field notebook.

3.0 PROCEDURE

Calibrate temperature measurement devices prior to field use with NIST-certified
thermometers. When two methods of temperature measurement are available in the field (glass
thermometer and pH water thermometer, for example) they may be used to cross-check one
another.

It is preferable to measure temperature directly in the source to be sampled by immersing the
thermometer into the stream, pond, etc., and allowing the reading to stabilize, when practical.
Procedures for each of the main types of water samples are given below. If temperature must be
measured on a sample that has been removed from the source, it is critical to measure and
record the temperature immediately after collection, since equilibration with ambient air and
container temperature will immediately begin to affect sample temperature.
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A. Rivers and Streams

4.0

Wade stream and measure temperature directly, or measure from bank if unwadable.
Temperature should be measured at multiple points across the stream transect, expecially
in large, slow-moving river systems or immediately downgradient of tributaries. The
average of all measurements is taken as the water temperature and recorded in the field
notebook.

Lakes and Ponds

Measure temperature from bank and record. Recall that static water bodies often stratify.
If samples are collected at various depths, temperature should be recorded at each depth.

- Depth profiling of temperature should occur at 1 foot or smaller intervals, in most cases.

Groundwater
Measure temperature of pumped or bailed water while purging well to monitor

stabilization of temperature. Record temperature immediately after obtaining sample. If
a'remote, “down-the-hole” temperature probe is available, its use is preferred.

ASSOCIATED REFERENCES

“Standard Methods for the Examination of Water and Wastewater,” 18th edition (1992), page

2-59.

h:\admin\hsop\sec2_6\hfsop-84.doc\HLN\3/17/99\034 - )
Revised 7/95 2 o ' ' 04/01/02 2:59 PM




-

[N

OO

SR SN GNB o—.

Hydrometrics, Inc. Consulting Scientists, Engineers & Contractors

STANDARD OPERATING PROCEDURE
OPERATION OF PNEUMATIC SLUG TESTER

(HF-SOP-99)

1.0 PURPOSE

The pneumatic slug tester, used in conjunction with the In-situ Troll or similar transducers,
may be used for rising-head slug tests in wells where the static water level is higher than the
well screen. The pneumatic slug tester uses air pressure to displace water inside the well
casing. When the release valve is opened, the air pressure inside the casing instantaneously
returns to atmospheric pressure and the water level rises in the well casing until it
equilibrates. The Troll or similar transducer measures the water level or pressure in the well
during the test. Data recorded may be processed using software such as Aqtesolv. The
pneumatic slug tester was built by the Billings Hydrometrics Office and has couplings to
mount on 2-inch, 4-inch, and 4 1/2-inch wells.

2.0 EQUIPMENT

e Transducer - Insitu Troll

o Laptop Computer - with WinSitu software and 12V Power Adapter
¢ Pneumatic Slug Tester Body

e Release Valve Assembly

Transducer Cable Seal Assembly

» Riser Adapter Assembly (2-inch and 4-inch)

e Pressure Gauge (measurement in inches of water)
o Air Inlet Valve

e 12V Air Compressor

®

12V Power Source
Confined-space Screw Ratchet
1/2-inch wrench

e Small crescent wrench

e Pipe Wrench

e String and Duct Tape

3.0 PHYSICAL REQUIREMENTS

e The static water level in the well must be a sufficient distance above the well screen
to allow for reasonable displacement of the water column by compressed air. As a
general rule, the static water level should be a minimum three feet above the well
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screen; but in a highly permeable aquifer, three feet of water would not suffice. When
the pressurized air column reaches the well screen, air escapes from the well, and
additional water displacement in the casing is not possible. In this sense, the pressure
inside the casing is self-regulated; however, it is preferable not to inject air into the
sand pack and aquifer.

The integrity of the casing and casing joints must be such that pressurized air cannot
escape from the casing.

The well casing (riser) must be accessible so that the rubber booting on the Riser

Adapter Assembly can be placed over the riser and the metal band tightened. This

can be difficult if there is limited annular space between the steel surface casing and
riser pipe. Ideally, the top of the riser pipe would be at the same level as the top of
the surface casing, with ample space to turn the screw of the metal band on the
booting. It is difficult to tighten the metal band of the rubber booting around a 2-inch
riser located several inches below the top of 4-inch surface casing.

4.0 PROCEDURE

4.1 Instrument Setup

Identify the total depth and screened interval of the well and measure the static water
level.

Attach the Riser Adapter Assembly to the riser pipe by slipping either the 2-inch or 4-
inch rubber booting over the riser. The metal band on the rubber booting must be
tightened to prevent air leakage; this likely will require using a confined-space screw
ratchet, which should be secured with duct tape and string so that it will not be lost
down the surface casing annular space. The 4-inch to 2-inch reducer must be used
when attaching the Riser Adapter Assembly to a 2-inch riser

Screw the Release Valve Assembly into the Pneumatic Slug Tester Body on the
offshoot portion of the Y. Tighten snugly with hands so that air cannot escape via the
treads. Excess tightening will result in stripped threads and difficulty in removal.

Attach the Pneumatic Slug Tester Body to the Riser Adapter Assembly by pushing the
bottom male end into the 4-inch rubber booting. Tighten the metal band on the rubber
booting to prevent air leakage.

Unscrew the compression fitting tightener and remove it and the rubber stopper from
the Transducer Cable Seal Assembly.

Pass the computer plug-in end of Troll cable through the bottom end of the
Transducer Cable Seal Assembly and through the compression fitting tightener.
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Lower Troll Probe into well to approximate desired depth.

Pull excess Troll cable away from the well through the opening in the Transducer
Cable Seal Assembly.

Adjust the Troll probe to its final level in the well. For a reference point, wrap some
tape around the Troll cable slightly above the point the cable will exit the Transducer
Cable Seal Assembly. The probe must be placed below the maximum displacement
of water by pressurized air. The probe should not be placed too close to the point of
maximum water displacement. The probe should not be placed against the bottom of
the well. '

Insert the cable into the split rubber stopper below the reference mark (tape). Push
the stopper into the compression fitting on the Transducer Cable Seal Assembly as

 tightly as possible so that air will not escape when the casing is pressurized.

Screw on the compression fitting tightener and hand-tighten. While it is desirable to
have as much compression as possible on the Troll cable, removing the compression
fitting tightener is awkward and could require assistance from a pipe wrench. This

step and the previous step are the most difficult and crucial steps in setting up the

~ pneumatic slug tester.

Attach the Transducer Cable Seal Assembly to the Pneumatic Slug Tester Body by
pushing the rubber booting of the Transducer Cable Seal Assembly over the male end
of the body. Tighten the metal band on the rubber booting to prevent air leakage.

Screw the Air Inlet Valve into the brass fitting on the side of the Pneumatic Slug
Tester Body. Tighten air valve lightly using a 1/2-inch wrench and small crescent
wrench so that air cannot escape via the treads. Movement of the brass fitting on the
Pneumatic Slug Tester Body should be avoided so that plastic threads are not
stripped.

Screw the Pressure Gauge into the brass pressure gauge port on the Pneumatic Slug
Tester Body. Tighten air valve lightly using a 1/2-inch wrench and small crescent
wrench so that air cannot escape via the treads. Movement of the brass fitting on the
Pneumatic Slug Tester Body should be avoided so that plastic threads are not
stripped.
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4.2 PNEUMATIC SLUG TEST
e Hook up the Troll cable to laptop computer.

- ¢ Start WinSitu program. Activate communication between the Troll Probe and the
laptop.

Create test. Set up test parameters so that only inches or feet of water are measured.
The software automatically will measure water temperature; this must be switched
off. Adjust settings on the Troll using the WinSitu software for the proper units and
logarithmic measurement. Choose the immediate start mode.

®

e Check probe reading and make calculations using the estimated depth of probe and
the static water level to validate the probe reading.

e Determine size of air slug (water displacement) to be used in test.

» Close release valve.
e Set and record the reference reading.

Hook up compressor hose to slug tester air valve.

e Turn on compressor and monitor the pressure gauge.

a1k

o Tumn off the compressor when the pressure gauge reads the distance (inches of water)
desired for the air slug test. Allow the well to equilibrate. The pressure gauge
reading will fall, and the pump must be restarted. The compressor must be restarted
multiple times until the pressure gauge reading becomes stable at the desired water
displacement.

e Check all sealed points of the slug tester for air leaks. Air leaks will be detected by
observations of the pressure gauge and by careful listening. The pressure gauge will
not stabilize if there are air leaks. Air leaks are most likely to occur at the
compression fitting / rubber stopper interface or at the rubber booting(s) on the Riser
Adapter Assembly. Air leaks on the rubber bootings can be fixed by adjusting the
position of the slug tester or by tightening the metal bands. If air is leaking from Troll
Cable Seal, the pressurized air must be released by opening the release valve (keep
eyes and ears clear of the air flow path). Then the rubber stopper on the Troll Cable
Seal and the compression fitting tightener must be readjusted and the slug tester
pressure tested again.

Pg o~
[~ .

Gl

Take continuous probe readings using WinSitu. The well has not stabilized until the
probe readings are steady and match the reference reading made prior to pressurizing -
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the well (under ideal conditions). Realistically, equilibration exists when the probe
readings stabilize; those readings may not match the initial reference reading but will
be close. Time required to reach equilibration is a function of aquifer permeability.
An aquifers with low permeability requires more time than an aquifer with higher
permeability.

e Reset and record the reference reading and pressure gauge reading. The slug volume
is equivalent to the annular space area multiplied by the displacement of water
(pressure gauge reading).

e Start test on laptop.

o Pause 3 seconds before opening Release Valve. Keep eyes and ears out of the air
flow path. Minimize movement of the slug tester before, during, and after opening
the valve when opening the release valve. If conditions are windy, the pickup or other
vehicle should be parked to block the wind.

* Monitor the probe readings using the WinSitu program.

» When the probe readings approach the reference reading, the test can be stopped.
Aquifer permeability controls test duration.

e Examine recorded data.
e Save the test data and convert it to a spreadsheet file.

o Repeat the test if necessary.

5.0 DATA QUALITY

Data should be examined in log form (time) using the WinSitu software before removing and
dismantling the pneumatic slug tester. The recorded maximum displacement should be
similar to maximum displacement recorded by the pressure gauge. Oscillations in initial
readings are normal. One or two straight-line patterns should be recognizable. Look for
irregularities that could be caused by movement of the slug tester. If there are doubts about
the quality of the data produced, repeat the test. In general, setting up and dismantling the
equipment takes considerably more time than the actual pneumatic slug test.

6.0 SPECIAL MAINTENANCE

The Pneumatic Slug Tester is essentially maintenance-free. If the pressure gauge is exposed
to moisture or very moist conditions, it should be examined and possibly recalibrated by a
gauge technician. The rubber stopper on the Troll Cable Seal Assembly may need to be
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replaced occasionally. This will require drilling a hole in a solid rubber stopper, making an
incision on one side of the stopper to provide access for the cable to the hole, and possibly
widening the hole with a rat-tail file.
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STANDARD OPERATING PROCEDURE

LOW FLOW SAMPLING OF MONITORING WELLS FOR INORGANIC
PARAMETERS®
HF-SOP-105

1.0 PURPOSE

Applicability. This procedure describes the low flow sampling method to be used in the
collection of groundwater samples from wells. The procedure is designed for wells where
inorganic constituents are of primary concern. The goal of this method is to create a “passive”
approach to water sampling where the intake velocity of the sampling device is less than or
equal to the natural groundwater flow velocity. In contrast to the traditional 3-5 well volume
purge method, this ratio is necessary to reduce sample disturbance and minimize purge
volumes.

Limitations. This procedure is not designed to effectively sample organic compounds or
liquids with a density different than water because of the discrete sampling nature of this
method. There may also be complications when comparing these results to results from
“traditional” 3-5 well volume purge methods from the same source. Refer to Appendix 1 for
additional limitations. This method should only be instituted if low flow parameters are
initially developed for each monitoring well at a site (see Appendix 2). While this method is
designed to reduce sample disturbance and minimize purge volumes, it does not imply reduced
sample times. Sampling time is dependent on the low flow parameters of the aquifer being
sampled and the sampling methods being used (see Appendix 2).

2.0 EQUIPMENT

Submersible pump and electric water level probe. Other sampling equipment may be required
for specific tasks. Other general equipment may include:

e Small gauge flow cell;

e pH meter;

o Turbidity meter;

o Specific Electrical Conductivity meter;

e Trip Blank (ihis is supplied in advance by the laboratory);
o Distilled water;

e Sampling sheets;

o Sampler’s notebook;
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o Coolers;
e Preservatives;
e 0.45 um filter apparatus with inert filters;
s Paper towels;
o Properly cleaned sample containers; and

o Stopwatch or watch with second hand.

3.0 PROCEDURE

Hydrometrics Methodology. This method has been developed from internal protocols and
experience as well as published guidelines. Dedicated pumps and sampling systems are
recommended with this method to reduce the turbidity in the water and to reduce the time it
takes to get a representative water sample. Dedicated pumps are especially important for long
term monitoring programs.

Pre-sampling Considerations. The development of low flow parameters for the aquifer must be
defined for each well as outlined in Appendix 2). This method is strictly dependent on the
aquifer properties (such as T), and the sampling methods used (pump rate, flow cell volume,
sampling interval, depth of sample, length of tube, etc.) Refer to Appendix 2 for a further
discussion of the development of the low flow sampling parameters because parameters may
vary by well and sampling method.

A. Unlock and open well.
B. Obtain water level (see water level HF-SOP-10).

C. If non-dedicated equipment is used to sample the well, record depth at which
sampling system is set and cross check this value with that specified in the site
monitoring plan (see Appendix 2). Care should be taken to minimize disturbance
when inserting sampling system into well.

D. Micro-purge well with appropriate water removal device using the prescribed flow
velocity as specified by the site monitoring plan for the particular well (see
Appendix 2 for the development of a site monitoring plan). Measure the static

.. 'water level to insure that no significant drawdown (greater than two tenths of a foot)
is being induced by the prescribed pumping rate.
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. Measure water quality parameters like specific electrical conductivity, pH

temperature, and turbidity to determine when water quality is representative of the
aquifer. Published articles (Puls and Powell, 1992, & Puls, 1994) suggest that
when consecutive water quality values are within 10% of each other that this water
is representative of the aquifer. Criteria should be outlined by the site sampling
monitoring plan as prescribed in Appendix 2. These field parameters will be
measured during purging and will be recorded on the Stabilization Test Form (HF-
FORM-501).

. Discharge during purging is directed to a bucket or container to determine purge

volume. Purge volume and equilibrium water quality values should be recorded on
the Stabilization Test Form (HF-FORM-501).

. Samples are collected after field parameters have stabilized. Bottles are filled

directly from discharge from the well or from another clean container. Care should
be taken to minimize entrainment of air.

. After the bottles are filled, the appropriate preservatives are added, as required. If

2 @S

-

L
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O e e o

filtration is required, the sample is filtered into the sample bottle prior to adding any
preservative, as required.

40 DECONTAMINATION

If cross contamination of sampled wells is a potential problem, the following procedure should
be followed:

A. Design sampling to proceed from the best quality water to the poorest quality water.

B. Rinse the pumping apparatus between holes with a secondary water source if well
yields are too low to supply sufficient water to purge the pump and hose.

If contamination is a problem, then separate pumps should be used to ensure the samples are
representative of site conditions (see Decontamination of Sampling Equipment HF-SOP-7).

5.0 ASSOCIATED DOCUMENTS

The following documents will be completed and retained in the project file:

HF-FORM-430 Water Sampling Form
HF-FORM-1 Chain-of-Custody Form
HF-FORM-501 Stabilization Test Form
Shipping receipts.
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8.0 APPENDIX
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APPENDIX 1

DISADVANTAGES OF LOW FLOW SAMPLING OF MONITORING WELLS

Flow cells not small enough to sample low fluxes properly.

Due to the discrete nature of this method, the pump rate may be too low to get a
representative groundwater sample of the entire aquifer for aquifers of large
thickness.

If method (traditional vs. micro-purge) is switched during monitoring period then
new data may not be directly comparable to old data.

If sample interval or flow rate is changed during monitoring program then new
data may not be consistent.

Because low flow sampling protocols are designed for laminar flow from the
aquifer into the sample system, this method samples only discrete sections of the
well screen. Therefore the depth of the sample interval must be recorded for each
monitoring period when temporary sampling systems are used.

For wells with large screen lengths, micropurging only samples discrete sections
of the aquifer.

A low flow sampling program requires additional setup of dedicated sampling
equipment for each well for optimum sampling methods.

Use of non-dedicated pumps potentially introduces turbidity during mstallauon
requiring additional time for settling of suspended solids.

In some cases sample consistency may not be maintained unless a dedicated
samplmg system is installed in the wells.

A low flow sampling protocol for each monitoring site must be initially developed
to specify a purge rate and sampling depth for each well that is less than or equal
to the natural flow rate to that particular well (see Appendix 2).

Collecting water samples can be time consuming at a rate of 100 ml/min.

ADVANTAGES OF LOW FLOW SAMPLING OF MONITORING WELLS

Micropurging can decrease turbidity.
Micropurging reduces the amount of purge water.

Micropurging can lower the amount of dissolved or suspended metals in the
sample to a more representative value.

Water samples taken directly from well screen are representative of the
groundwater in the aquifer (not of well).
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For deep wells with large screens the determination of concentration gradients and
contaminant present may be diluted by “traditional” methods that mix discrete
plumes with water from uncontaminated intervals within the aquifer. Whereas
discrete, low flow sampling should more accurately sample the target region of
the aquifer.

For long screen intervals or multiple screen intervals, several discrete water
samples can be taken to determine the vertical distribution of water quality for
accurate spatial delineation of the contaminant problem.

Micropurging methods sample only the mobile fraction of water and particles.

Some states and EPA programs prohibit filtration for metals analysis due to
potential sampling artifacts, so inherently turbid water may require a low flow
sample method.

Studies of water quality parameters like dissolved oxygen, specific conductance,
redox potential and turbidity, indicate that the purge volume (the amount of water
removed before water quality parameters stabilize) is independent of the casing
volume, implying that traditional methods using fixed purge volumes are
inherently flawed. '
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APPENDIX 2
METHOD FOR DEVELOPING LOW FLOW SAMPLING PARAMETERS

1.0 PURPOSE

Due to the discrete nature of low flow sampling and the importance of pump rates being less
than or equal to aquifer flow rates (in order to maintain laminar flow and minimize sample
disturbance), low flow sampling rates, depths and protocols must be defined for each
monitoring well. The initial development of these parameters and a sampling protocol is
costly at the onset of a monitoring program, but may provide a better understanding of the
groundwater system being monitored and greater control over data collection.

2.0 LOWFLOW SAMPLING PARAMETERS
Prior to initiating a low flow sampling program, sampling parameters need to be developed
for each well. These parameters include the following:

¢ Depth of sampling interval;

e Pump rate;

e Reference water quality parameters;

e Purge volume; and

¢ Metals or compounds that are being tested in monitoring well.

3.0 EQUIPMENT
e Turbidity meter;
o pH meter;
e Small gauge flow cell;
e Sampling sheets;
e Sampler’s notebook;
e Stopwatch with second hand,;
e Sampling tube;
¢ Electronic water level probe;
* Water level measurement form; and

e Probe calibration data.
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40 METHODS

Depth of Sampling Interval. The sampling interval must be set for each monitoring well
because of the discrete nature by which this method samples water from the aquifer. Once a
depth to sampling interval is specified, this depth should not be changed, even by a tenth of a
foot because of potential heterogeneities in aquifer properties and water quality. Factors to
consider when establishing a sample depth are: seasonal variations in static water level
(SWL), whether the aquifer is confined or unconfined, screen length, hydrogeologic data,
depth from SWL to screened interval, total depth of well, and the flow properties of the water
quality constituents that will be monitored at the well.

1. Determine a priori any fluctuations in the water table caused by runoff or surface
water, changes in weather patterns, transportation, change of season, growing
season (ET), tides, or construction.

2. Set sampling interval at the midpoint of the well screen unless this is above the
SWL at any time during the year or monitoring period, or unless the chemical
species being monitored by the well are concentrated at a different depth. The
change in aquifer properties over the screened interval should also be taken into
consideration- as should cases where a stratified aquifer is connected to
contaminant source areas.

3. Record the measuring point and depth to sampling interval. Set up permanent
sampling system at this time if one is being used at the site.

Pump Rate. Published values of low flow pumping rates vary from 1L/min to 100 ml/min.
This is a very low rate and is designed to sample water from the aquifer at natural
groundwater flow rates. Natural flow rates vary from aquifer to aquifer so it is necessary to
determine these values for each monitoring well and sampling depth.

1. Samples should be taken from dedicated sampling devices such as bladder or
submersible pumps. Dedicated sampling tubes should be used with peristaltic
pumps. No bailers should be used.

2. Measure the SWL as a function of the flow rate to determine the limit at which
drawdown is greater than 0.2 feet. If this threshold is greater than 11/min then

use 1L/min as the maximum flow rate for sampling the well. If this threshold is

less than 1L/min then the purge rate should be between 50% and 80% of the pump
rate that perceptibly affects drawdown.

3. Record the pump rate that stresses the aquifer value and the pump rate at which
samples will be collected at the well.
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Reference Water Quality Parameters. Reference water quality parameters are necessary to
determine the volume of purge water that must be evacuated from the sampling apparatus in
order to obtain a representative sample of the aquifer.

1. Review all available water quality data to determine water quality versus depth.
Consider the most permeable area of the aquifer to be sampled as well as the most
contaminated unit.

2. Measure turbidity, specific conductivity, pH, and temperature for the purge water
and record these values.

3. Collection rate of these parameters is a function of the replacement time of the
flow cell. Collection of these parameters can start soon after the setup of the
sampling apparatus.

4. When consecutive values for each of these water quality parameters only vary
within 10% of each other over twice the replacement time of the flow cell, then
the sample water should be representative of the aquifer. For example, if the flow
cell is 1 liter in size and the pump rate is 100 ml/min, the water quality parameters
must be within 10% of each other over a 20 minute period.

5. Record the volume of purge water removed when the water quality parameters
have stabilized.

6. In situations where long term monitoring has been conducted using traditional
sampling techniques, it may be desirable to collect and compare samples using
both methods. -

Volume of Purge Water. According to published studies (Puls and Powell, 1992, & Puls,
1994) purge volume is independent of casing size or well volume. Therefore it is imperative
that water quality parameters be sampled and the volume of purge water be recorded when
these reference parameters are in equilibrium.

1. The sample pump and tubing should be “micropurged” approximately two volumes
to ensure the complete removal of stagnant water. It is not necessary to purge the
well casing and the screen.

Metals and Chemical Compounds. The metals or chemical compounds for which the
monitoring well has been installed to evaluate should be known by ‘the operator. Some
familiarity about the flow characteristics and specific gravity of the sample metals or
compounds should be understood in order to conceptualize the mobility and flow behavior of
the constituents being monitored.

Record Values. All sampling depths, measuring points, and purge velocities as well as
equilibrium values for turbidity, pH, and temperature must be tabulated in one location for
each site or monitoring program. These results must be made available to the site manager
and all persons working with these data.
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STANDARD OPERATING PROCEDURE

RINSATE BLANK COLLECTION®
HS-SOP-13

1.0 PURPOSE

The purpose of this procedure is to collect Quality Control blanks that can be used to assess the
potential for sample cross-contamination.

2.0 EQUIPMENT

Sampling equipment to be tested

Field Notebook Surgical gloves
Carboy with deionized water Sample bottles
Plastic catch basin Chain-of-Custody documentation

3.0 PROCEDURE

Collection and analysis of rinsate (equipment) blanks is intended to provide information on the
contamination and cross-contamination potential introduced by sampling equipment and
methods. Any surfaces which contact samples may contribute analytes of interest to the
sample, thereby creating the possibility of positive bias in analytical results. Decontamination
procedures (see HF-SOP-7) have been designed to minimize the likelihood of sample
contamination. The effectiveness of decontamination of sampling equipment is monitored by
rinsing equipment with deionized water, and measuring the concentration of parameters of
interest in the resulting "blank" sample.

In general, any equipment used to collect, composite, or store samples that directly contacts the
sample should be subjected to the rinsate blank procedure. Examples include pumps, filters,
bailers, bottles, coring devices, shovels, trowels, and large containers used for compositing a
number of samples. Other items may also require decontamination and testing through
collection of rinsate blanks. The following steps describe basic rinsate blank collection
procedures. Specific methods used should be documented in field notebooks whenever rinsate
blanks are collected.

1. Obtain sample equipment and be sure it has been decontaminated using appropriate
procedures in HF-SOP-7 (Decontamination of Sampling Equipment).

2. Run about 50 mLs of water through carboy spigot to clean it out before collecting
blank sample.
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APPENDIX B

EPA PROTOCOL FOR DMLS SAMPLING
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STANDARD OPERATING PROCEDURE
GROUND WATER SAMPLING FOR DISCRETE INTERVAL CONTAMINANT
CONCENTRATIONS USING DMLS® UNIT

1. Disclaimer:

This standard operating procedure (SOP) has been prepared for the East Helena Interim
Measures Investigation and may not be applicable to activities at other sites.

II. Purpose: (Scope and Application)

This document describes the procedure used to collect ground water samples at a site
where vertical contaminant profiling is important for site characterization and risk
assessment. The procedure employs the use of the DMLS® passive, in-situ, ground water
sampling device.

111. Summary of Methods:

The DMLS® is a passive, multi-layer sampling device based on dialysis cell technology.
The dialysis cell is a polypropylene vial filled with distilled water and covered by
permeable membranes at both ends. Dialysis cells are filled with deionized water, capped,
and inserted into the DMLS® PVC rod. The rod is then inserted into the well screened
interval. Formation water enters the cells by osmosis. The DMLS® unit is withdrawn after
three weeks. At this point the cell contains a representative sample of the ground water
from a narrow layer of the aquifer. The cells are removed from the PVC rod and
contents poured into labeled sample bottles. The resulting ground water sample should be
representative of adjacent formation water.

IV; Advantages:

A. No purging, pumping, or external energy source is required because sampling is
accomplished through natural diffusion across the membrane

B. Since no well purging is required, the quantity of waste water is significantly
reduced.
C. The DMLS® unit is extremely precise; discrete layer intervals can be obtained as

close as 3 inches (Fig. 1) with no cross-contamination occurring between samples.
D. All layers are sampled concurrently within a well

E. High sample integrity is maintained because cells are sealed upon retrieval from
the well, virtually eliminating alteration or contamination of samples
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F. The DMLS® unit is portable and can easily be moved from well to well for
comprehensive and accurate ground water sampling at any given site and may
provide solution for sampling light formations.

References:

Puls, RW. and C.J. Paul. 1997. Muiti-layer sampling in conventional monitoring wells
for improved estimation of vertical contaminant distributions and mass. Journal of
Contaminant Hydrology, 25, pp 85-111.

Interferences:

There are no interferences. Because cells are capped upon retrieval from the well,
alteration or contamination of samples is virtually impossible, maintaining high sample

integrity.

Sample Preservation:

Follf)wing sample retrieval, samples are decanted into sample bottles/vials. Samples for
metals analysis are immediately acidified to pH <2 with concentrated Ultra Pure HNO3.
Samplescollected for arsenic speciation are immediately acidified to pH <2 using
concentrated Ultra Pure HCl. Other samples are kept cold at 4 C until analysis. All
samples must be analyzed with the determined holding time period for each particular
analysis.

Sampling Procedure:

A. Equipment:

1. DMLS unit - the DMLS™ consists of a rod (or connected rods)
with openings at specific intervals to accommodate the dialysis
cells

2. Hook for top unit and clamps for connecting additional units

3. Rope (preferably nylon ski rope) to attach to hook on top DMLS ®
rod. Rope should be of sufficient length to extend from the
installed DMLS‘_D unit to the top of the well, with enough excess
rope to attach securely at the surface

4. Sample cells - fitted with 0.02 um cellulose acetate 25 mm
diameter filters and cell caps. Each cell is an independent sampling
unit, separated by flexible Viton seals that fit the inner diameter of
the well
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Marker to label cells and sample bottles/vials
Sample bottles/vials
Sample labels

Geochemical parameter equipment (if desired):
¢ Specific conductance meter and probe
pH meter and probe

Oxidation/Reduction Potential (ORP) meter and probe

Dissolved oxygen (DO) meter and probe.

Required acids based on type of sample collected

Refrigerator or ice chest and either dry ice or ice blocks to keep
samples at 4 C (if required)

Chain of custody forms for sample shipment to laboratory

B. DMLS® Insertion

Connect the required number of 5-foot DMLS® rods together with the supplied
clamp(s) (i.e., attach two 5-foot sections for a 6 to10 foot well screen). Attach the
supplied hook to the top DMLS® rod section, then securely tie the Nylon rope to

the hook (Fig.2).
C.. Dialysis Cell Preparation
2, Remove cell caps from each dialysis cell (Fig.3) to be used and
store for future use.
3. Unscrew and remove the end (containing the cellulose membrane)
from one end of each cell to be used (Fig.3).
4. Place cells and cell ends into a large bucket or deep container filled

with deionized water and submerse. The cells must be completely
submersed while being filled and capped to eliminate any air from
the cells. Allow to soak at least 30 minutes to saturate the cellulose
membranes. With cells submersed and filled with deionized water,
screw cell end onto cell, making sure to exclude any air from inside
the cell. Keep all cells submersed until ready to load the DMLS®
unit.
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C. Loading Cells

1.

With the DMLS® rod place horizontally on a clean surface with
ends resting on raised surfaces (Fig.4), quickly remove cells from
the tub/bucket of deionized water and load cells into slots in the
DMLS® unit. Make sure the cells are properly positioned within
the rod.

Holding DMLS® unit vertically, insert into well (this will require at
least two people), holding the rope as the rod descends. It may be
necessary to use sections of one-inch diameter PVC pipe which can
be screwed together to push the DMLS® unit down to the desired
depth. Once the DMLS® unit is positioned at the desired depth
within the well screen, secure the excess rope at the surface to use
for unit retrieval later.

Once the DMLS® is lowered, it mixes the water in the well.
Laminar flow should be reestablished between 7 and 10 days,
resulting in restratification of the formation water (Fig 5). The
DMLS® unit should be left in the well a minimum of two weeks
before removal.

D. DMLS® Removal and Sampling

1.

Have sample bottles/vials pre-labeled and probes calibrated (if
used). Have end caps readily available.

Using the excess rope at the surface, pull the DMLS® unit up to
the surface, immediately capping both ends of each dialysis cell as
it appears. It may be necessary to use a small wench to remove the
DMLS® unit if excessive silting has occurred near the Viton
spacers.

Once the unit has been removed from the well, place it horizontally
on a clean surface and elevated (Fig. 4). Remove each dialysis cell
from the unit by pushing it through the slot. Place cells on a tray or
in a container for transport to sampling area.

Unscrew and remove one end of the dialysis cell and pour sample
into appropriately labeled sample bottle/vial. Preserve as required.
If geochemical parameters are to be measured, this should be
conducted as soon as sample cells are opened to prevent
atmospheric changes to the sample.
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E. Sample Bottles/Vials:
All sample bottles/vials for metals samples are washed in 10% v/v HNO3 and
rinsed three times with deionized water.
VIII. Quality Control Procedures:
A. This procedure is to be carried out by trained personnel.
B. Field duplicate samples can be obtained by splitting a sample from a
specific interval or by combining two adjacent samples and then splitting,

depending on the volume of sample required.

C. Spiking known concentrations of contaminant(s) of interest into selected
samples may be desirable.

Precautions:
Standard field safety procedures must be followed at all times.
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Hook

Viton®
Spacers \

Dialysis Cells

Well Casing/Screen

Clamp to connect

additional 5 ft DMLS® rods

Figure 2. DMLS® unit showing individual components.
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Cell End

Cellulose Membrane

Dialysis Cell

Figure 3. Dialysis cell showing the cell end and the 0.2 m cellulose membrane.
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Figure 4. DMLS® unit elevated for ease of insertion and removal of dialysis cells.
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Figure 5. Diffusion curve demonstrating different equilibrium times for different contaminants
using the DMLS® unit..
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APPENDIX C

EAST HELENA PRIVATE WATER WELL COMPLETION AND HISTORY
INFORMATION
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East Helena Private Water Wells
Investigation for East Helena Comprehensive

History of Residential wells

formation

ngl »C}om leti

SL rill
American Chemet #1 10NO3W36ABB 220 6 22 3845 December-72 Submers. DNRC C25703
American Chemet #3 10NO3W36ABBB 3893.2 (Surveyed) 140 6.5 21.8 (in 1979) 3868.06 91-140 Alluvium & Shale October-79 Perf. 60 28 | Submers. Geol. Log; Water Quality, DNRC C25702
American Chemet #4 10NO3W25DCCD 3885 (Map) 160 4.5 22 3863 100-160 Bedrock Apr-85 Perf. 30 134 Air Lift Geol. Log,Drilled by air rotary; Bentonite grout 0-20 feet
Asarco Housing
Asarco Housing
Berry, Robert 10NO3W25CA 65 6 21.33 60-65 Alluvium Nov-73 Perf. 40 Geol. Log and Water quality, DNRC C2521
Brown, Norman (formally Hoff) 10NO3W25DBCD 3871.3 (Surveyed) 37 6 Dry Aug-63 Open end 20 5 Geol. Log, Water quality
Carlson, Robert 10NO3W24CCAA 3825 (Map) 76 6 33.9 (in 1983) 3791.1 None Alluvium Submers. USGS Data
Carpenter, Scott (formally Walter) 40 6 134
Copeland, Mike and Jo
Cox, Esther 10NO3W25DA 3860 (Map) 137 30 Submers. DNRC C127774
Duel, Dave (formerly Wiebeck) 10NO3W25DBDC 3868.2 (Surveyed) 100 6 10.5 (in 1987) 3857.7 32-43 Alluvium Jan-55 Perf. 80 Submers. Geol. Log, Water quality
Flage, Ben 10NO3W25DBCD 3865 (Map) 32 6.5 15 (in 1966) 3850 None Alluvium Dec-66 Open end 15 0 Geol. Log, Water quality
Fleisner, Frank (formally Manion) 10NO3W2526CACC 3920 (Map) 80 6 28.85 3841.73 None Alluvium May-80 Open end 30 Submers. Geol. Log, Water quality
Fox, Jean (formally Emst) 10NO3W25DAC 3870 (Map) 75 6 15 (In 1967) 3855 None Alluvium Dec-67 20 40 | Submers. Geol. Log, Water quality
Germaine, Eli A St. 6
Germaine, Eli A St. 6
Giarde, Chris
Helfert, Josephine 10N02W31BBBB 3885 (Map) 180 168 (In 1968) 3717 15 Water quality
Helfert, Wayne 35 6 22.92
Huckert, John
Hulst, Darlen 10NO3W36BBBB 3920 (Map) 137 6 60.36 (In 1987) 3859.64 100-137 Shale ? Feb-81 Perf. 20 62 Geol. Log, Water quality, DNRC C43675
Hulst, Darlen 10NO3W36BBBB 3920 (Map) 137 6 60.36 (In 1987) 3859.64 100-137 Shale ? Feb-81 Perf. 20 62 Geol. Log, Water quality, DNRC C43676
Hulst, Leonard 10NO3W36BBBB 3930 (Map) 170 §.5 Inches PV( 80.02 (In 1987) 110-170 Alluvium Feb-85 Open end 12 150 Geol. Log, Well Grouted with Slurry to 12 Ft.
Jensen, David 10NO3W25DAC 3875 (Map) 82 6 27.74 (In 1987) 3847.26 None Alluvium Aug-70 Open end 18 37 | Submers. Geol. Log, Water quality
Jensen, David 10NO3W25DAC 3871.3 (Surveyed) 160 6 44.1 (in 1987) 3827.2 120-160 Shale ? Aug-82 Perf. 20+ | 132 Geol. Log, DNRC C50100; 8/24/82 SWL=18
Lamping, Fred 10N02W25DADD 3880 (Map) 46 6 3892 May-41 Open end 20 2 | Submers. Geol. Log, Water quality
Lamping, Rick 10NO3W25CADC 41 6 22.14 None Alluvium May-73 Open End 20
Lewing, Ed and Sally 140 6 No access 30 Geol. Log
Lindstrom, Pat and Linda_(formally Kammerman) 10NO3W25AACD 3875 (Map) 6 3874 Unknown None Info from telephone interview
Marcum, Jeremie and Kerri (formally Weston) 10NO3W25DBCC 54 6 16 (in 1973) Open end 20 29 Geol. Log, Water quality, DNRC 2908
Miller, Meredith 3
Morrow, Richard
Mosier, Shane (formally Woijcik) 10NO3W25DBC 3870 (Map) 6 19.27 Water quality
Nordstrom, Louise 10NO3W25DBCC 3870 (Map) 46 6.5 21.05 3858 None Alluvium Aug-63 Open end 30 16 Geol. Log, Water quality
Riff, John (Oxygen Plant operator) 8 Between 25-30
Rouse, Cash and Bonnie
Russ, Eleanor
St. Clair, Ken 10NO3W25BBCC 3810 (Map) 65 6 3810 Alluvium Water quality
St. Clair, Ken 10NO3W25BBCC 3810 (Map) 65 6 No access 3810 Alluvium Water quality
St. Clair, Scott
Vetsch, Nick 10NO3W25CADC 3860 (Map) 76 6 31.74 3830 None Alluvium Nov-70 Open end 20 25 | Submers. Geol. Log, Water quality, DNRC C35966
Yuricic, Mary (formally Romasko) 10NO3W25CADC 3871.3 (Surveyed) 61 6.5 30.54 3843.81 None Alluvium Apr-66 Open end 25 8 Geol. Log, Water quality
Gage, Gene (formally East Helena well #3 10NO3W25DDBA 3870 (Map 100 6 3790 33-43 Alluvium Sep-54 Perf
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EXHIBIT 1

GEOLOGIC CROSS SECTIONS
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TARGET SHEET
EPA REGION VIII

SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOCUMENT NUMBER: 1118519

SITE NAME: EAST HELENA RCRA CORRECTIVE ACTION
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EXHIBIT 1 GEOLOGIC CROSS SECTIONS
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